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REMARKS 

I. Preliminary Remarks 

The Applicants thank SPE Gary Kunz and Examiner Christopher Nichols for 
the courtesy of the personal interview on April 28, 2004 kindly granted to the Applicants' 
attorney David A. Gass and the undersigned agent. 

In paragraph 6 of the Action, the Examiner objected to the recitation "AD" at 
page 45 (Example 8) of the specification. The recitation "AD" is an obvious typographical 
error which should refer to "Ap." The term "AP" refers to the amyloid beta peptide that is 
generated by cleavage of APP at the P-secretase and y-secretase cleavage sites (see page 1, 
lines 15-28). The AP peptide is referred to throughout the specification including within 
Example 8 at page 45, line 2 and page 46, lines 3-5. Thus, the amendment does not add new 
matter to the specification. 

In paragraph 7 of the Action, the Examiner objected to claim 239 as depending 
from canceled claim 86. This is a typographical error that is corrected by the foregoing 
amendment. 

In the foregoing amendment, claims 270-277 have been amended to be 
directed to "mammalian APP." These amendments are supported throughout the 
specification and by the originally presented claims. 

The sequences set out as SEQ ID NOS: 3 and 4 in the substitute sequence 
listing, filed on March 26, 2001, are not identical to the sequences set out in Figure 3 as 
originally filed. Therefore, the attached substitute sequence listing is submitted to revise the 
sequences of SEQ ID NOS: 3 and 4 so that they are identical to the sequences shown in 
Figure 3 as filed. These amendments do not introduce new matter, but address an internal 
inconsistency. 

II. Double Patenting 

In paragraph 8 of the Action, the Examiner rejected claims 232-240 and 270- 
278 under the judicially created doctrine of obviousness-type double patenting as being 
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unpatentable over claims 11-19 of U.S. Patent No. 6,440,698 (denoted as '698). The 
Applicants traverse this rejection. 

The Examiner states claims 11-19 of '698 are not identical to pending claims 
232-240 and 270-27. U.S. Patent No. 6,440,698 claims host cells transfected with a nucleic 
acid sequence encoding APP or a fragment thereof containing a p-secretase cleavage site and 
two-carboxy-terminal lysine residues. The Applicants dispute that claims 11-19 of '698 are 
all relevant to double patenting. How^ever, a terminal disclaimer is submitted herewith to 
expedite prosecution rendering the obviousness type double patenting rejection moot. 

III. The rejection under 35 U.S.C. § 112, first paragraph for lack of enablement 
should be withdrawn. 

In paragraph 1 1 of the Action, the Examiner rejected claims 232-240 and 270- 
278 under 35 U.S.C. § 112, first paragraph, alleging that the specification does not enable one 
of skill in the art to make or use the invention commensurate in scope with the pending 
claims. In particular, the Examiner stated that the specification fails to provide any guidance 
for the isolation and characterization of any isoform of APP that is encompassed by the 
claims. The Applicants traverse this rejection. 

To determine if the claims require undue experimentation, the factors set out 
in In re Wands et al, 858 F2d. 731, 737, 8 USPQ 2d 1400, 1404 (Fed. Circ. 1988) are 
considered including: 1) the breadth of the claims, 2) the nature of the invention, 3) state of 
the prior art, 4) the level of one of ordinary skill, 5) the level of predictability in the art, 6) the 
amount of direction provided by the inventor, 7) the existence of working examples and 8) 
quantity of examination needed to make or use the invention based on the content of the 
disclosure. 

The nature of the invention is the addition of carboxy di-lysine to an APP 
polypeptide or fragment of APP. Carboxy di-lysine is an endoplasmic reticulum retention 
signal. (Cossen & Letoumear, Cold Spring Harbor Sympos. Quant, Biol, 60: 113-117, 1995). 
The addition of two lysines to the carboxy terminus of APP increases the time APP remains 
within the endoplasmic reticulum and thereby increases its availability for cleavage by the P- 
secretase pathway. The specification demonstrates that the addition of the carboxy di-lysines 
increased the efficiency of cleavage of the modified APP at the P-secretase site. The breath 
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of the pending claims encompasses the genus of mammalian amyloid protein precursor (APP) 
polypeptides bearing such a modification, and polynucleotides that encode the modified APP. 
As discussed in detail below, mammalian APP sequence information for numerous species, 
including isoforms and mutations, were known in the art at the time of filing. The level of 
skill in the art was high. 

Sequence information for numerous representative species of the genus of 
molecules known as "mammalian amyloid precursor protein (APP)" was well known in the 
art at the time of filing. Therefore, following the teachings in the application, one of skill in 
the art would have been able to make and use the modified APP molecules of the invention. . 
The specification provides the citations for the references disclosing the main human APP 
isoforms (APP751; Ponte et al. Nature 331: 525-527 1988 and Tanzi et al, Nature 331:528- 
530; APP770 Kitiguchi et al. Nature 331:530-532, 1988) and certain known mutations (page 
17, lines 9-21). 

The references cited by the Examiner in the Action (Haas et aL Biochemica et 
Biophysica Acta 1343(l):85-94, \991 duvd Ghiso et al Biochem J, 288(3):1053-1059, 1992) 
provide evidence that the state of the art surrounding APP was sophisticated at the time of 
filing. Both, Haas et aL, and Ghiso et aL, identify usefiil fragments of APP. Ghiso et aL also 
provides evidence that antibodies to detect APP polypeptides and fi-agments thereof were 
well known in the art at the time of filing (see page 1056, column 1). These references 
provide evidence that the level of skill in the art was high at the time of filing and in 
combination with the teachings in the specification, one of skill in the art is enabled to 
modify any known APP isoform with two carboxy lysines. 

In addition, Johnstone et aL {Molecular Brain Research 10:299-305,1991), 
cited by the Examiner, demonstrates that the known mammalian APP isoforms are highly 
conserved. Johnstone et aL taught the amino acid sequence fi-om 10 mammalian APP 
polypeptides in 1991. Thus, the genus of mammalian APP was reasonably represented in the 
art in 1998, the effective filing date of the present application. In particular, Johnstone et aL 
states "the amino acid sequence of the p/A4 peptide in dog and polar bear is identical to the 
human and monkey sequences. . .We have also shown that the amino acid sequence of rabbit, 
cow, sheep, pig and guinea pig is identical to the human sequence." (see Johnston et aL page 
303, column 2). The peptide results fi-om beta and gamma secretase cleavage of APP, and 
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one skilled in the art would appreciate the significance of this high level of sequence 
conservation in the region of APP in the context of a beta secretase invention. 

The various isoforms of APP and homologues thereof may not be identical in 
amino acid sequence but do share a common structure, and this common structure guides one 
of skill in the art to characterize these molecule as isoforms and homologs of APP. These 
structural characteristic of APP were known at the time of filing and are as follows: signal 
sequence followed by an acid rich region, protease inhibitor motif, N-glycosylated region, 
transmembrane domain and a small cytoplasmic domain (see Soto et al., J. Neurochem. 63: 
1 191 -11 98, 1994; Appendix A). Thus the existence of various isoforms does not increase the 
unpredictability of the art. On the other hand the similar structural aspects, the high degree of 
conservation of the amino acid sequence and the continued sensitivity to aspartyl protease 
cleavage indicates the level of unpredictability is low. The specification need not disclose 
what is well knovm in the art, and preferably what is well-known is omitted. (See In re 
Buchner, 929 F.2d 660, 661, 18 USPQ2d 1331, 1 132 (Fed. Circ. 1991) or MPEP § 2146.08) 
Thus, the nature of the prior art and the level of predictability in the art at the time of filing is 
evidence that the claims were enabled by the specification in light of the knowledge of one of 
ordinary skill in the art. 

The Examiner should consider the amount of direction provided by the 
inventor in the specification and the presence of working when determining if the genus of 
mammalian APP is enabled. The specification provides the nucleotide and amino acid 
sequence of APP695 and provides a working example demonstrating how to modify APP695 
by inserting two lysines at the carboxy terminus (Example 6; page 38, line 30 through page 
42, line 15). The specification further teaches that the addition of di-lysine residues to the 
carboxy terminus increases the efficiency of cleavage at the P-secreatase cleavage site (page 
41, lines 28 through page 42 line 15). The working examples also demonstrate that APP695 
containing the London mutation or the Swedish mutation in addition to carboxy di-lysines 
further increases processing at the p-secretase cleavage site as compared to wild type APP 
(page 46, line 17 through page 49, line 15). The references listed in the specification teach 
the sequences of the main human APP isoforms, therefore the teachings in Example 6 and 8 
allow one of skill in the art to modify any APP isoform with the addition of carboxy di- 
lysines. Further, the Applicants conteniplated modifying APP isoforms APP751 and APP770 
by adding two carboxy lysines (page 29, lines 19-23). Thus, the specification provides one of 
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skill in the art with the necessary guidance to understand how to make and use the claimed 
invention. 

The Examiner stated that the specification fails to provide any guidance for 
successful isolation and characterization of any isoform of APP except APP695 and therefore 
it would require undue experimentation to carry out the claimed invention, (pg. 6, T[14 of the 
Action) However, as the references cited in the specification and those references cited by 
the Examiner in the present office action demonstrate, at the time of filing the methods to 
isolate and characterize APP molecules were well known in the art. The pending claims are 
directed to adding carboxy di-lysines to APP molecules. As discussed above, many members 
of the genus of mammalian APP polypeptides had been characterized in the state of the art at 
the time of filing. The evidence cited by the Examiner in the Action, such as Johnstone et 
al, indicates the genus of mammalian APP was well characterized at the time of filing and 
the known species are highly conserved. The knowledge in the art in combination with the 
methods taught in the specification that allow one of skill in the art to identify APP isoforms 
cleaved at the P-secretase cleavage site indicates that the identification of new member of the 
genus is likely to be successful. 

For the foregoing reasons, the genus of mammalian APP polypeptides recited 
in the claims are enabled by the specification and the state of the art at the time of filing. 
Thus, the rejection of claims 230-242 and 270-278 under 35 U.S.C. § 1 12, first paragraph, for 
lack of enablement should be withdrawn. 

IV. The rejection under 35 U.S.C. § 112, first paragraph, for lack of adequate 
written description should be withdrawn. 

In paragraph 22 of the Action, the Examiner rejected claims 232-240 and 270- 
278 under 35 U.S.C. § 1 12 first paragraph, for lack of adequate written description in the 
specification. In particular, the Examiner alleged the claims are drawn to a genus of 
polypeptides that does not require any particular conserved structure or other distinguishing 
features. The Applicants traverse this rejection. 

The Examiner asserts that the specification does not identify any particular 
portion of the structure to be conserved nor does it provide a structure/function correlation, 
(pg. 9, 1124 of the Action) As discussed in detail above, the genus of APP molecules, 
although encompassing various isoforms, was well characterized in the art at the time of 
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filing. The Examiner asserted that the specification adequately described one APP species, 
APP695 containing the wildtype P-secreatase cleavage site and the Swedish mutation. 
However, at page 17, lines 9-21, the Applicants describe the three main human APP isoforms 
(APP695, APP751 and APP770) and provide citations to the references which teach the 
nucleotide and amino acid sequence of each isoform. Attached as Appendix B are the 
references that are referred to at page 17 of the specification, which describe the cloning and 
sequencing of the main APP isoforms. As illustrated in Tanzi et aL {Nature 331:528-530, 
1988) and Kitaguchi et aL, {Nature 331 :530-532, 1988 in Figure 1), APP751 and APP770 are 
identical to APP695 with the exception of a 56 or 75 amino acid insertion immediately after 
Arg288. Tanzi et aL provides an alignment of APP751 with APP695 to illustrate the small 
difference in amino acid sequence. All of the isoforms share the same common beta 
secretase cleavage site and transmembrane region. Even though the working examples in the 
specification were only carried out with APP695, it is expected the di-lysine modification 
will increase cleavage of the isoforms similar to the effect on APP695 due to the high level of 
amino acid conservation. 

As evidence of the broad genus, the Examiner again cited to Johnstone et aL 
{Moleculat Brain Research 10:299-305, 1991) which demonstrates the various mammalian 
homo logs of APP are not identical, (pg. 9, Tf24 of the Action) As discussed above, Johnstone 
et aL, demonstrates the high level of conservation between mammalian forms of APP. 
Johnstone et aL taught that sequence information from at least 10 mammalian APP 
polypeptides was known in 1991 and amino acid sequence of these mammalian APP 
polypeptides are highly conserved. An alignment of 10 full length mammalian APP amino 
acid sequences is attached hereto as Appendix C. This alignment demonstrates that these 
sequences are highly conserved. In addition, of the 10 full length amino acid sequences 
displayed in Appendix C, five were known prior to the time of filing. Thus, the genus of 
mammalian APP was reasonably represented in the art in 1998, the effective filing date of the 
present application. Moreover, the art indicates there is not substantial variation within the 
species of the genus of mammalian APP polypeptides. Finally, it worth reiterating that the 
Applicants are not claiming the genus of mammalian APP per se^ but rather, APP with a 
particular type of modification. As the specification provides the three main human isoforms 
and two common mutations, a representative number of species are disclosed in the 
specification and were characterized in the art at the time of filing. Written description of a 
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claimed genus is satisfied through a sufficient description of a representative number of 
species. {Sqq Regents of Univ. ofCal v. Eli Lilly & Co., 119F.3d 1559, 1569, 43 U.S.P.Q.2D 
(BNA) 1398 (Fed. Circ. 1997 orMPEP §2163 11. 3 (ii)). 

In addition, the state of the art at the time of filing demonstrates that one of 
skill in the art would understand that the Applicants were in possession of the genus of 
mammalian APP polypeptide at the time of filing. The structural characteristics of APP were 
known in the art and one of skill would recognize the necessary structural characteristics of 
this genus. An APP polypeptide is known to "start with a leader sequence (signal peptide), 
followed by a cysteine-rich region, an acid-rich domain, a protease inhibitor motif, punative 
N-glycosylated region, a transmembrane domain and finally a small cytoplasmic region," (see 
Soto etal, J. Neurochem.6'i\ 1191-1198, 1994, pi 191 column 2; Appendix A). Thus one 
of skill of the art would recognize that the Applicants were in possession of the claimed 
modified APP molecules. 

For foregoing reasons, the genus of mammalian APP molecules is supported 
by an adequate written description in the specification. Thus, the rejection of claims 230-240 
and 270-278 under 35 U.S.C. § 1 12, first paragraph for lack of adequate written description 
should be withdrawn. 

CONCLUSION 

In light of the forgoing amendment and remarks, the Applicants believe claims 
232-240, 270-278 and 301-303 are in condition for allowance and early notice thereof is 
earnestly solicited. 



Dated: May 12, 2004 



RespectfixUy submitted. 
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Chicago, Illinois 60606-6357 
(312) 474-6300 
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Abstract: The hallmark event of Alzheimer's disease (AD) 
is the deposition of amyloid as insoluble fiber masses 
in extracellular neuritic plaques and around the walls of 
cerebral blood vessels. The main component of amyloid 
is a hydrophobic peptide, named amyloid )(3-peptide 
(^A4), which results from the processing of a much longer 
membrane amyloid precursor protein (APP). This review 
focuses on the structural features of ;0A4 and the factors 
that determine pkA insolubilization. Theoretical and ex- 
perimental studies of the primary structure of /?A4 have 
shown that it is composed of a completely hydrophobic 
C-terminal domain, which adopts ;0-strand structure, and 
an N-terminal region, whose sequence permits different 
secondary structures. In fact, this region can exist 
as an a-helical or /^-strand conformation depending on 
the environmental condition (pH and hydrophobiclty 
surrounding the molecule). The effects of pH and hydro- 
phobiclty on j9A4 structure may elucidate the mecha- 
nisms determining its aggregation and amyloid deposi- 
tion in AD. Key Words: Amyloid— ;5-structure — Senile 
plaque— Dementia. 
J. Neurochem. 63, 1191-1198 (1994). 



Alzheimer's disease (AD) is the most common form 
of dementia in adults. It produces a progressive loss 
of intellectual function and appears both sporadically 
and in an autosomal dominant (familial) form (Katz- 
man and Saitoh, 1991; Yankner and Mesulam, 1991). 
Approximately 10% of the population over 65 years 
old is affected by this form of progressive dementia 
(Katzman, 1986; Inestrosa, 1992). 

The major neuropathological changes in brains of 
AD patients were observed first by Alois Alzheimer 
(1907) and include neuronal cell death accompanied 
by the presence of abnormal intra- and extraneuronal 
proteinaceous deposits (Katzman, 1986). Intracellu- 
larly, bundles of paired helical and straight filaments 
composed largely of phosphorylated ubiquitin-conju- 
gated r protein are referred to as neurofibrillary tangles 
(Kosik, 1991). Extracellularly, amorphous insoluble 



aggregates of proteinaceous debris termed '*amyloid'* 
appear in the form of senile plaques or neuritic plaques 
and cerebrovascular amyloid deposits (Glenner, 1980). 

Amyloid deposits are a major feature of AD brain. 
Several lines of evidence suggest that the amyloid may 
play an important role in early pathogenesis of AD 
(Hardy and Higgins, 1992; Inestrosa and Soto, 1992). 
The main component of amyloid is a 4.1-4.3-kDa 
hydrophobic peptide, named amyloid /^-peptide (/3A4), 
that is codified in chromosome 21 as part of a much 
longer amyloid precursor protein (APP; Muller-Hill 
and Beyreuther, 1989). The APP starts with a leader 
sequence (signal peptide), followed by a cysteine-rich 
region, an acidic-rich domain, a protease inhibitor mo- 
tif, a putative A^-glycosylated region, a transmembrane 
domain, and finally a small cytoplasmic region (Fig. 
lA). The ^A4 sequence begins close to the membrane 
on the extracellular side and ends within the mem- 
brane. Two-thirds of ^A4 faces the extracellular space, 
and the other third is embedded in the membrane (Kang 
et al., 1987; Dyrks et al., 1988). 

APP matures rapidly through a constitutive secre- 
tory pathway as shown in cultured cells (Weidemann 
et al., 1989). APP is cleaved within 0A4 (Sisodia et 
al., 1990) between residues 16 (lysine) and 17 (leucine) 
(Esch et aL, 1990), as shown by analysis of the frag- 
ments secreted into the medium and those retained in 
the plasma membrane of the cells (Wang et al., 1991). 
Recent studies indicate that APP is cleaved while sit- 
dng in the plasma membrane by a membrane-bound 
endoprotease (APP secretase) and that the specificity 
of peptide bond hydrolysis is largely independent of 
the primary sequence of the precursor. The a-helical 
conformation and the distance (12-13 amino acid resi- 
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FIG, 1. A: APP molecule scheme showing its 
transmembrane donnain (hatched box). Kunitz do- 
main (dotted box), the pM region, and glycosyla- 
tion sites (CHO). B: The primary stmcture of pA4 
peptide identifying its transmembrane domain 
(underlined) and the charged amino acids (+/-). 
C: The hydrophobicity profile of pM peptide as 
obtained using the Kyte and Doolrtle (1982) 
method. D: The secondary stnjcture prediction 

analysis. The probabilities of a-helix ( ), p- 

strand ( ), and p-tum ( ) were calculated us- 
ing the Chou and Fasman (1978) method. 
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dues) of the hydrolyzed bond to the plasma membrane 
have been suggested as the main determinants for pro- 
teolysis by APP secretase (Sisodia, 1992). 

Current hypotheses regarding AD pathogenesis fo- 
cus on protease/protease inhibitor imbalances that 
cause the deposition of /3A4 (Abraham et al., 1988; 
Alvarez et al., 1992; Hardy and Higgins, 1992). 
Among die potential APP secretases^ a cathepsin B 
(Tagawa et al., 1991), a macropain-like multicatalytic 
proteinase (Ishiura et al., 1989), and a protease activity 
associated with acetylcholinesterase (Small et al., 
199l£i) can cleave APP, albeit at a nonamyloidogenic 
site. Whether proteolytic activity is a property of ace- 
tylcholinesterase or of copurifying substances remains 
to be determined (Checler, 1990; Small et al., \99\b). 
Recent studies by Mesulam and coworkers indicate 
that protease inhibitors (carboxypeptidase inhibitor and 
bacitracin) inhibit acetylcholinesterase associated with 
senile plaques (Wright et al., 1993). This latter result 
opens die possibility that AD-related acetylcholinester- 
ase could participate in the altered protein processing 



of APP and eventually in the pathogenesis of the dis- 
ease. 

HOW IS p\4 GENERATED? 

/3A4 fragments may be produced by an alteration of 
the specificity of an APP secretase or by an AD-spe- 
cific membrane disturbance that makes APP accessible 
to proteinases (Ishiura, 1991). An alternative break- 
down yields fragments (8-12 kJDa) that constitute the 
pA4 sequence, and thus have the potential of forming 
amyloid (Estus et al., 1992). The potentially amyloido- 
genic derivatives can be produced in normal human 
cells, including brain cells. The fragments are probably 
formed in lysosomes, as inhibition of lysosomal en- 
zymes (leupeptin and ammonium chloride) decreases 
the formation of amyloidogenic fragments (Estus et al., 
1992). APP is also present in clathrin-coated vesicles, 
which are involved in the transport of many proteins 
via the endosomal/lysosomal pathway (Nordstedt et 
al., 1993). In addition, the presence of mature APP 
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and an extensive array of ^-amyloid peptides have 
been shown in purified lysosomes (Haass et al., 1992a). 
Therefore, the available evidence indicates that APP 
is normally processed by both the constitutive secre- 
tory and the endosomal/lysosomal pathways (Inestrosa 
and Soto, 1992). On the other hand, recent studies 
using inhibitors of Golgi processing and immunocyto- 
chemical and subcellular fractionation techniques have 
suggested that the ^0- amyloid peptide could be pro- 
duced in the secretory pathway at the Golgi complex 
(Caporaso et al., 1992; Busciglio et al., 1993; Haass 
et al., 1993). 

Soluble pM is released by healthy cells in culture, 
and also has been recovered from human and animal 
cerebrospinal fluid (Seubert et al., 1992; Shoji et al., 
1992). The soluble peptide is 40 amino acids long, 
whereas the main component of /?-amyIoid in plaques 
is two to three amino acids longer at the C terminus 
(Prelli et al., 1988). This fact makes it difficult to think 
that soluble pM is the same as plaque although 
it may reflect the occurrence of minor and longer com- 
ponents in the soluble y3A4, which are selectively de- 
posited. In this context, it has been proposed that the 
amyloid formation is a nucleation-dependent phenom- 
ena (Jarrett et al., 1993). In fact, kinetic studies of the 
amyloid formation have shown that the length of the C 
terminus is a critical determinant of the rate of amyloid 
deposition. Thus, amyloid formation by the kinetically 
soluble peptides can be nucleated or "seeded'* by pep- 
tides, including a longer C terminus (Jarrett and Lans- 
bury, 1993; Jarrett et al., 1993). 

PHYSICAL PROPERTIES OF THE 
AMYLOID PROTEINS 

The deposition of a fibrous protein aggregate is not 
a phenomenon unique to AD. In fact, amyloid deposits 
are characteristic of many diseases, including several 
forms of systemic amyloidosis (Castaiio and Frangi- 
one, 1988; Price et al., 1993). 

The amyloid deposits of various origins are most 
insoluble under physiological conditions. They have 
in common birefringent properties after staining with 
Congo red, an unbranched fibrillar ultrastructure as 
determined by electron microscopy, and a distinct x- 
ray fiber diffraction pattern (Glenner, 1980; Merz et 
al., 1983; Kirschner et al., 1986). However, none of 
these experimental approaches provides enough infor- 
mation to establish the molecular structure of the amy- 
loid at a high level of resolution. Furthermore, because 
amyloid is insoluble but not crystalline, the methods 
commonly used to determine protein structure, e.g., 
nuclear magnetic resonance and x-ray crystallography, 
cannot be used in this case. 

No common sequence characterizes all amyloid pro- 
teins. Prediction of secondary structures and estima- 
tions of the hydrophobicity indicate some similarities 
among amyloid aggregates of different origins. Many 
amyloidogenic proteins have a large amount of ^-sheet 



structure in their soluble form, and they contain se- 
quences rich in valine or isoleucine, amino acid.s not 
normally found in helical or random coil secondary 
structures. Furthermore, in vivo studies of protein fold- 
ing indicate the existence of an almost perfect correla- 
tion between insolubilization and formation of ^-sheet 
structures (Haase-Pettingell and King, 1988). How- 
ever, insoluble peptides with little or no /?-sheel struc- 
ture have been observed (Lansbury, 1992). The insolu- 
bility of amyloid deposits may be due to similar inter- 
molecular array rather than to a common secondary 
structure (Lansbury, 1992). Therefore, the physical 
bases for protein insolubility are unclear at the present 
time. 

GENERAL STRUCTURAL 
CHARACTERISTICS OF ^A4 PEPTIDE 

The first partial amino acid sequence of /0A4 was 
reported by Glenner and Wong ( 1 984). They described 
the purification of amyloid protein from cerebrovascu- 
lar deposits and its identification with Congo red dye. 
The elution of this protein from a Sephadex G-lOO 
column showed that it had a molecular mass of 4,2(K) 
Da. Its HPLC purification gave two peaks having iden- 
tical amino acid composition for the first 24 amino 
acids; surprisingly, these sequences did not present ho- 
mology with known proteins. With the advent of suc- 
cessful protocols for solubilizing plaque core amyloid, 
a peptide was isolated from neuritic plaques whose 
size and N-terminal sequence were similar to those of 
the amyloid ^A4 on cerebrovascular deposits (Masters 
et al., 1985). 

The complete sequence of /?-amyloid peptide was 
later described by Kang et al. (1987). The peptide size 
varies depending on its origin. Thus ^A4 from senile 
plaques has a longer C-terminal domain (43 amino 
acids long) than that recovered from cerebrovascular 
deposits, which is 40 amino acids long and also more 
soluble (Prelli et al., 1988). Residues 29-43 of ^A4, 
which correspond to its C terminus, are embedded in 
the plasma membrane, and the sequence is rich in the 
hydrophobic amino acids valine and isoleucine (Fig. 

IB) . According to Chou-Fasman analysis (Chou and 
Fasman, 1978), leucine and valine are often found in 
proteins with y0-sheet structure and rarely found in heli- 
cal or random coil secondary structures. Furthermore, 
the presence of glycine residues can stabilize amy- 
loidogenic structures by means of hydrogen bonds 
(Lansbury, 1992). 

The hydropathy plot, using die method of Kyte and 
Doolitle (1982), indicates a great hydrophobicity in the 
last 10 amino acids at the C terminus of /3A4, as well 
as in the sequence between residues 17 and 21 (Fig. 

IC) . Chou-Fasman analysis suggests the existence of 
a-helix, ^-tum, and ^^-strand types in the secondary 
structures (Fig. ID). The probability of finding fi- 
strand conformation in pA4 is high within the C-termi- 
nal region beyond residue 28; the probability is lower 
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FIG. 2. Model of the j9A4 tridimensional structure obtained by 
the computer program Insight 11 of Biosym Technologies. This 
program places each amino acid in some secondary structure 
motif {i.e., a-helix, ^-strand, ^-tum, or random coil) according 
to the probability calculated by the Chou and Fasman (1978) 
method. Then the program diminishes the conformational energy 
until reaching the optimal structure with the minimum energy. 



between residues 9 and 2 1 . The latter region is more 
likely to display a-helix structure. There are also two 
probable ^-tums between residues 6 and 8 and between 
residues 23 and 27. With all this information, we built 
a model for the tridimensional structure of ^A4 in its 
soluble form (Fig. 2) using the computer program In- 
sight II, which predicts the secondary structure by 
Chou and Fasman \s method (1978). It assigns this 
structure to the peptide sequence and reduces the en- 
ergy associated with the conformational state until it 
reaches the structure with the minimum energy. The 
theoretical structure of pM consists of two ;0-strands 
separated by a turn that form a small a-helix. This 
structure could be the basic unit for fibril formation 
through hydrogen bonding between the N-terminal /?- 
strand of one peptide and the C-terminal /?-sirand of 
the other peptide. 

In vivo, the aggregation of PAA leads to the forma- 
tion of insoluble amyloid fibrils having a diameter of 
approximately 40-90 A and a length of 76 A or more. 
The amyloid fibril from senile plaques or from cerebro- 
vascular deposits appear very similar under the elec- 
tron microscope (Kirschner et ah, 1986). They also 
stain with Congo red, as do other proteins with 



pleated sheet structure, i.e., they emit green birefrin- 
gence under polarized light, even though this property 
is not specific for proteins with cross )5-fibrillar struc- 
ture (Lansbury, 1992). 

By means of x-ray diffraction spectroscopy, it has 
been possible to confirm the ^-pleated sheet structure 
of ^A4 within the amyloid fibril (Kirschner et al., 
1986). Using this technique, the distance between the 
polypeptide chains was found to be 4.76 A and the 
distance between sheets was 10.6 A. The antiparallel 
disposition appeared stabilized by hydrogen bonding 
in the same axis of the fiber. 

STRUCTURAL STUDIES WITH 
SYNTHETIC PEPTIDES 

A fruitful approach to studying the structure and 
solubility of pM has been the synthesis of fragments 
or the complete sequence of this peptide initiated by 
Frangione and coworkers (Castano et al., 1986; Gore- 
vie et al., 1987). Short fragments of /?A4 have proved 
interesting from a physicochemical point of view, as 
diey aggregate to resemble the naturally occurring am- 
yloid of 4.2 kDa. In fact, sequences 1-28, 12-28, 
and 14-28 lead to amyloid fibril formation in vitro 
(Gore vie et al., 1987). Under the electron microscope, 
their morphology was comparable to fibrils of senile 
plaques. The staining with Congo red and the x-ray 
diffraction pattern also yielded similar patterns, homol- 
ogous to those of proteins that share a y0-sheet second- 
ary structure. Studies using synthetic fragments of the 
pPA sequence suggest that the markers of ^^-pleated 
conformation (fibrillar ultrastructure, birefringence 
with Congo red. x-ray diffraction pattern) are present 
in a minimum stretch of 15 residues (14 to 28). The 
following hydrophobic domain proved not necessary 
for fibril formation, but may help make pM more 
insoluble (Gorevic et al., 1987). In fact, it has been 
shown recently that the C terminus of ^A4 determines 
the rate of amyloid fibril formation rather than the 
stability and structural properties of the amyloid (Jar- 
rett et al., 1993). 

Using synthetic peptides, a p-X\xm was shown be- 
tween residues 26 and 29 (Hilbich et al., 1991). This 
was accomplished by the differential stabilization of 
the ^-tums in different positions by means of disulfide 
bridges. 

Another approach has been to alter the primary se- 
quence of the fragments and to study the emerging 
properties. Thus, the substitution of only lysine 16 for 
an arginine in the fragment 1-28 gives rise to a mor- 
phologically different fibril that retains its ;5-sheet 
structure. Nevertheless, the x-ray diffraction pattern 
suggests that this fibril contains a larger number of P- 
pleated sheets in the same fibril diameter (Kirschner 
et al., 1987). To study the influence of the secondary 
structure of ^A4 on its solubility properties, we ana- 
lyzed the effect of the substitution of valine 18 (an 
amino acid- forming )3-sheet) for an alanine (an amino 
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acid- forming a-helix) on the pA4 aggregation. The 
modified peptide became significantly less aggregated 
than /?A4 unmodified (C. Soto and N. C. Inestrosa, 
manuscript submitted). 

The substitution of glutamic 22 by glutamine, which 
is the mutation responsible for the generation of the 
Dutch-type amyloidosis cerebrovascular hemorrhagic 
disease (Levy et al., 1990), yields a peptide having an 
increased ability to form fibrils (Wisniewski et al., 
1991). This peptide generates fibrillar structures in 1 
h compared with the 24 h necessary for wild-type pep- 
tide. 

On the other hand, the replacement of hydrophobic 
for hydrophilic residues in the 0A4 sequence impairs 
the formation of fibrils (Hilbich et al., 1991). This 
suggests that the insolubility of pA4 is mainly due to 
its hydrophobic residues. The same idea is supported 
by studies using synthetic peptides of the C- terminal 
side of PA4, namely, residues 26-33 and 34-42 
(Halverson et al., 1990). Interesting differences 
emerged in their solubility and conformational proper- 
ties. For example, peptide 26-33 was freely soluble 
in water, whereas peptide 34-42 was insoluble in 
aqueous media and also in the presence of denaturating 
agents. Although both peptides were able to form fi- 
brils, their morphologies were different. Peptide 26- 
33 assembled into thin, very long flexible fibers having 
a uniform diameter of 50-55 A. In contrast, pep- 
tide 34-42 formed rigid fibers of various diameters 
(0.01-3.00 fjm or greater) and appeared as twisted 
ribbons (Halverson et al., 1990). However, x-ray dif- 
fraction analysis revealed that the peptide conforma- 
tion in the fibrils was y^-pleated. A correlation between 
solubility and ^-structure formation was inferred from 
Fourier transform infrared spectroscopic studies. The 
peptide 26-33, when dissolved in water, existed as a 
random coil, whereas the water-insoluble peptide 34- 
42 possessed antiparallel /3-sheet structure in the solid 
state. Solubilization of peptide 34-42 in organic media 
resulted in the disappearance of structure (Halverson 
et al., 1990). 

Recently, elements of the extracellular matrix have 
been suggested to play a role in the aggregation of 
PA4 (Fraser et al., 1992; Brandan and Inestrosa, 1993). 
The observation of fibril formation with various pep- 
tides (11-28, 13-28, 15-28, and 11-25) of j0A4 and 
the determination of their x-ray diffraction pattern re- 
vealed the influence of sulfate ions in the extensive 
lateral aggregation and axial growth of the synthetic 
peptides into **macrofibers*' (Fraser et al., 1992). This 
effect, seen at sulfate concentrations between 5 and 50 
mM, was specific because it could not be duplicated 
with other ions. This suggests that sulfate itself and 
not its polyanionic character is required to promote 
aggregation. Highly sulfated molecules within the ex- 
tracellular matrix, such as proteoglycans, may provide 
a high-affinity surface for the direct deposition of ex- 
isting amyloid fibrils at the extracellular matrix of brain 
tissue (Brandan and Inestrosa, 1993). The best candi- 



dates to participate in electrostatic interactions between 
peptide 1 1 -28 and sulfate may be any of the four basic 
residues within the peptide sequence: His 13, His 14, 
Lys 16, and Lys 28. This interaction and the macrofiber 
formation were inhibited by pH values higher than 7. 

RELATIONSHIP BETWEEN pA4 
STRUCTURE AND THE 
EXTRACELLULAR pH 

The endosomal/lysosomal pathway for processing 
of APP (Golde et al., 1992; Haass et al., 1992^j; Nord- 
stedt et al., 1993) does not exclude ^A4 generation as 
a physiological event. Thus, pA4 may be produced as 
a soluble peptide which, by changes in its environment, 
may precipitate. Barrow and Zagorski (1991) have re- 
ported that local variations in pH or temperature, or 
the presence of elements such as proteoglycans, could 
induce the aggregation of pA4, Soluble pA4 is re- 
leased by human mononuclear leukemic cells (Shoji 
et al., 1992). This peptide is 40 amino acids long 
(Haass et al., 1992^), i.e., shorter than the peptide de- 
posited in the neuritic plaques by two to three amino 
acids (Prelli et al., 1988). 

Recent studies elucidate the mechanisms that cause 
soluble pA4 to form amyloid fibrils. Peptides derived 
from pA4 or the complete sequence itself show differ- 
ent conformation and solubilities depending on the pH 
of the solution (Barrow and Zagorski, 1991; Barrow 
et al., 1992; Burdick et al., 1992; Zagorski and Barrow, 
1992). Specifically, fragment 1-28 was found as a 
monomeric a-helical structure when solubilized in a 
membrane-mimicking solvent that encourages intra- 
molecular hydrogen bonding. This soluble peptide un- 
folds to a partly random coil structure with increasing 
temperature at pH 1 -4 and pH greater than 7. How- 
ever, at pH 4-7 it rapidly precipitates into an oligo- 
meric ;5-sheet structure (Barrow and Zagorski, 1991). 
Nevertheless, the hydrophobic segment in the C- termi- 
nal domain of ^A4 (residues 29-42) invariably adopts 
an oligomeric ^-strand structure, independent of the 
pH or temperature, suggesting that this segment directs 
the complete protein folding (Barrow and Zagorski, 
1991; Barrow et al., 1992). Thus, the first 28 residues, 
which are strongly dependent on factors such as the 
hydrophobic ity and pH of the environment, enable 
pA4 to exist in different conformations (Table I). 

The change in structure from an a-helix to a p- 
pleated sheet corresponding with the change from 
acidic to midrange pH has been modeled (Zagorski 
and Barrow, -1992). The model is based on the presence 
of ionizable groups, such as the side chains of aspartic 
and glutamic acids, present in the conformational 
neighboring residues of the a-helix: amino acids 7, 1 1 , 
and 22. These residues can ionize between pH 3 and 
pH 5; therefore, electrostatic repulsions between ion- 
ized carboxylates may disrupt the a-helix. 

The hypothesis proposing that pH value is instru- 
mental in ^A4 deposition and senile plaque formation 
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TABLE 1 . Structural characteristics of the /3A4 peptides in different experimental conditions 
determined by various techniques 



Fragment 


Structure 


Experimental condition 


Methodology 


1-28 


/g-Strand 


Lyophilized peptides 


X-ray diffraction" 


1-28 


Of-Hclix or random coil 


pH 1 -4 or pH > 7 


Circular dichroism and bidimensional 


1-28 


^-Strand 


pH 4-7 


NMR** 


12-28 


yS-Slrand 


Lyophilized peptides 


X-ray diffraction" 


14-28 








1-4 


a-Helix 




Chou and Fas man (1978) analysis 


6-8 


^-Tum 




14-19 


;3-Strand 






17-21 


nr-Helix 






22-27 


^g-Tum 






29-42 


)3-Strand 






26-29 


^-Tum 


Analogue peptides with disulfide 
bridges 


Limited proteolysis'* 


29-42 


^-Strand 


pH 1-10 


Circular dichroism and bidimensional, NMR*"^ 


34-42 


^-Strand 


Lyophilized peptides and DjO solution 


X-ray diffraction and FTIR' 


!2-43 


^-Strand 


Lyophilized peptides 


Infrared spectroscopy^ 



"Gorevic et al., 1987. 
* Barrow and Zagorski, 1991. 
""Zagorski and Barrow, 1992. 
''Hilbich etal.. 1991. 

' FTIR, Fourier transform infrared spectroscopy; Halverson et al., 1990. 



is supported by the more acidic pH found in brains of 
AD patients (pH 6.6) compared with the neutral pH 
(7.1) of brains from patients who died suddenly with 
no brain disease (Yates el al., 1990). In this context, 
a number of mechanisms may produce localized pH 
fluctuation in vivo. For example, hypoxia (ischemia) 
of cerebral tissue may decrease brain pH from 7.1 to 
6.0, and the reductions are even greater when ischemia 
is accompanied by hyperglycemia, shock, hypotension, 
or renal disorders, which are common in elderly people 
where the incidence of AD is greatest (Gilboe et al., 
1986). Other mechanisms may involve local neuro- 
transmitter alterations, contact with neutrophils and 
monocytes, or the presence of degenerating neurons. 

/3A4 STRUCTURE IN RELATION TO ITS 
TOPOGRAPHICAL DISTRIBUTION 

The existence of ^A4 in different states of aggrega- 
tion related to the phase of formation of the amyloid 
plaque has been suggested by studies using various 
antibodies directed against different regions of the j5A4 
molecule (Spillantini et al., 1990). This, together with 
the pH and hydrophobicity effects on /?A4 structure, 
suggests that ^A4 exists in different conformational 
states according to its localization. Table 1 summarizes 
the secondary structures that may adopt the various 
fragments of ^A4, depending of the environmental 
conditions. It is important to notice that when ^A4 is 
in solution, the C-terminal domain (residues 29-42) 
always displays a j^-strand conformation. There are 
still no conformational studies of this segment within 
the lipidic membrane. Notwithstanding, this segment 
is unlikely to display a )5-strand structure within the 



cell membrane. This hypothesis is based on the fact 
that in membranes only two secondary structures arc 
possible: a-hehx or ^-sheet barrel (Jennings, 1989). 
As in the membrane, water molecules are not available 
to interact with polar groups of the polypeptide back- 
bone; hydrogen bonds must be formed among the 
backbone atoms themselves. This results in the poly- 
peptide chain folded into an ordered structure, a-helix 
or /?-strand. In the case of a-helix, the hydrogen bonds 
can be formed within one helix, so that a single whole 
hydrophobic helix or any of several amphipatic helices 
may represent a stable structure in the membrane. In 
the case of ;5-strands, the hydrogen bonds must be 
formed between neighboring strands, leading to a 
closed structure, a ^-barrel with a minimum of eight 
strands (Jahnig, 1990). Considering these findings, we 
propose that the ^A4 segment within the membrane 
(amino acids 29-42) has an a-helix structure. It has 
been calculated that an a-helix needs 20 amino acids 
to span the plasma membrzme and a /5-sheet needs 10 
(Jahnig, 1990). The transmembrane domain of AFP is 
23 amino acids long, thus making possible our sugges- 
tion. On the other hand, the amino acid sequence be- 
tween residues 1 and 28 may be found in an a-helical 
or )5-strand conformation, depending of the pH (Table 
1). This sequence is likely to determine the existence 
of different conformational slates of j0A4. 

^A4 occurs in different subcellular loci. First, /?A4 
is located in the plasma membrane as a moiety of 
APP. Then, after APP internalization, j0A4 is found in 
lysosomal/endosomal structures. Finally, ^A4 may be 
released to the extracellular space as a soluble entity, 
where later it can aggregate into amyloid fibrils. Some 
biochemical properties, such as pH, are different in 
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these subcellular regions, which could produce varia- 
tions in the pAA conformation, principally in its N- 
terminal domain. This fact could be very important in 
the understanding of the molecular basis of amyloid 
deposition. 

CONCLUSIONS 

The study of the structural features of pM peptide 
has improved our understanding of the pathogenesis 
of AD, including the factors that promote insolubiliza- 
tion of the peptide and subsequent fibril formation. 

pM would contain two conformational domains: 
the C- terminal segment (amino acids 28-42) is incor- 
porated within the plasma membrane and always exists 
in solution as a /?-strand; the N-terminal domain adopts 
alternative secondary structures, depending on pH, hy- 
drophobicity, and the presence of extracellular matrix 
components. With these alternative structures, fiAA 
can adopt two distinct conformations with different 
solubility properties, which could explain why the 
same amino acid sequence is found dissolved or in an 
aggregated form. 
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The amyloid proteins isolated from neuritic plaques and the 
cercbrovasculature of Alzheimer's disease are self-aggregating 
moieties termed A4 protein' and /3-protein^'\ respectively. A puta- 
tive A4 amyloid precursor (herein termed A4^<)5) has been charac- 
terized by analysis of a human brain complementary DNA**. We 
report here the sequence of a closely related amyloid cDNA, A475,, 
distinguished from A4^^5 by the presence of a 168 base-pair (bp) 
sequence which adds 57 amino acids to, and removes one residue 
from, the predicted A4f,<,s protein. The peptide predicted from this 
insert is very similar to the Kunitz family of serine proteinase 
inhibitors. The two A4-specihc messenger RNAs are differentially 
expressed: in a limited survey, A475, mRNA appears to be 
ubiquitous, whereas A4^95 mRNA has a restricted pattern of 
expression which includes cells from neuronal tissue. These data 
may have significant implications for understanding amyloid depo- 
sition in Alzheimer*s disease. 

Two full-length A4-specific cDNA clones were isolated from 
a AgtlO library and were characterized (Fig. 2J. Both cDNA 
clone sequences were identical to the A4f,<^s sequence'* except 
for a 168 bp insen (Fig. 2) resulting in an insertion of 57 amino 
dcids and the removal of one residue of the predicted 695 
anino-acid sequence of the A4(,t,5 protein"*. This 57 amino-acid 
sequence was compared to the protein sequence database of the 
Protein Identification Resource. The search revealed extensive 
similarity between the insert and the Kunitz family of low relative 
molecular mass serine proteinase inhibitors (Fig. 1): for the 
proteins compared in the figure the identity ranges from 33 to 
48%. This similarity suggests that the A47si insert could act as 
a proteinase inhibitor. 

To investigate the expression of A47Vi, and A4^g<; mRNAs, two 



synthetic oligonucleotides were synthesized. One oligonucleo- 
tide corresponds to 60 bases of the 168-bp insert (insert probe) 
and the other oligonucleotide spans the insert point, possessing 
15 bases on either side (junction probe). Under hybridization 
wash conditions favouring longer oligonucleotides the junction 
probe is stable when bound to A4^.,s mRNA (30 bp perfect 
match), but unstable when bound to A4;5, mRNA (15 bp match). 
These probes were used to characterize the A4,,95 and A47;^, 
cDNA representation in four cDNA libraries prepared from 
human RNA derived from a SV40-transformed fibroblast cell 
line, lymphocytes, and normal and Alzheimer's disease brain 
(see legend to Fig. 2). Insert-positive clones were identified in 
all libraries; however, only the brain libraries contained junc- 
tion-positive clones. These results suggested that the expression 
of the A4-specific transcripts might be differentially regulated. 
We examined this possibility by characterizing steady-state 
mRNA levels in several ditferent sources. 

Polyadenylated RNA was prepared from human cultured cell 
lines and from human brain sections. The cultured cells used 
were HeLa, MRC5 and IMR-32 (see legend to Fig. 3). Tissue 
samples represented normal cerebellum, frontal and parietal 
cortex and frontal cortex from an Alzheimer's disease patient. 
An identical pair of Northern blots were prepared and probed 
with either the insert or junction oligonucleotide. Both blots 
were then stripped and reprobed with an actin cDNA probe as 
an internal control. The results of the Northern analysis (Fig. 
3) reveal that each oligonucleotide specifically detects a 3.2-3.4 
kilobase (kb) mRNA, consistent with the size of the mRNA 
encoding the putative A4 amyloid precursor**'^. The junction 
probe, however, hybridizes to only a subset of the samples, those 
of neural origin (Fig. 3a, lanes 1, 6-9). No mRNA is detected 
in the HeLa or MRC5 samples using the junction probe even 
in the deliberately overexposed auloradiograph shown. In con- 
trast, the insert probe detects sequences in all samples ( Fig. 3/?). 
The relative expression levels of the two mRNAs were also 
examined by RNA dot blot using total RNA prepared from 
several additional cell lines ( P.G.-D. and P.P., data not shown I. 
A human glioblastoma line (Lj-87-MG) and two human neuro- 
blastoma lines (SK-N-MC and SK-N-SH) all contain mRNA 
species which hybridize to the insert probe, but none of these 
samples show significant hybridization to the junction probe 
above background levels (using MRC5 RNA as the negative 
control). 

At least two types of A4-specific mRNA (and presumably 
protein) exist which are dilTerentially regulated. We have also 
determined that the inserted sequence is entirely and exclusively 
encoded on a separate exon (J.M., F.F. & D.H. unpublished 
observation). From information on .Alzheimer's disease amyloid 
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Fig. 1 Comparison of the amino-acid sequences of the Ai4-,^i insert with Kunitz proteinase inhibitors. The original computer search was 
conducted against the Protein Identification Resource database using the FASTP routine of Pearson and Lipman"'. Only mammalian proteins 
are compared although homologous proteins which arc members of this family have also been isolated from reptiles, molluscs and coelenterates 
(reviewed in ref. 23). ITI, inter-a trypsin inhibitor. Only the 57 residues that overlap with the A4,j, insert are displayed. Numbering is based 
onthe A475, predicted protein sequence as defined in Fig. l.The 13 residues boxed are invariant in the other members of this inhibitor family 
and are all conserved in the A4-:5, insert. The percentage identity of each sequence with the A47^, insert sequence is shown. Human and 

bovine ITI domain I is glycosylated at Asn-310. 
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CAAT 

TCCCCCGGACCACCGTCCCCCGCCCCCCCCCAGACCOCCCCGCTACCSGCCCCCGCAiGJkC 

CAACCArCCCCCGCATCCCACTCCCACACCACCCCACTCCCTGCCCCGCCCACCCTCCCC 

ATG CTGCC(;C CT TTCGCACTC C TCCTGCTC CC CCCCTCCACGG CTCCCCCCCTCCACGTA 
flLPCLALLLLAAWTABAtev 
10 

CCCACTCATCCTAAICCTCGCCTCCT'GCCTCAACCCCAGATTCCCATGTTCTGTGCCAGA 
PTDGNAGLLAEPOI AMFCCR 
10 

CTCAACATGCACATGAATCTCCAGAATCCCAAGTCGGATTCACATCCATCACaGACCAAA 
Lf. nHrtNVONGKWDSDPSGTK 



ACCTGCATTGATACCAACCAACCCATCCTGCAGTATTCCCAACAACTC7ACCCTCAACTC 
TCIDTKEf. I LOTfCOEVY?CL 



CAC.ATCACCAATCTGCrACAACCCAACCAACCACTGACCATC.TAr.AArTCCTGCHACCCC 
CI TNVVEAN -JPVTlyNHCKR 



i-r.rmc AACCACTCCAAGACCCATCCCCACTrTGTCATTCCCTJi.CCCCTCC7TACTTCGT 
CRKOCttTHPHFVI PYPCLVC 



CAGTTTC.TAACTCArCCCCTTCTCCrTCCTGACAACTCCAAATTCTTACACCAGCACAr.G 
E f V S D A L C V P U r. " X r L H g E P 

no 

ATCCATCTTIGCCAAACTCATCrTCACTCflCACACCCTCCCCAAAr.ACACATOCACrGAG 
HDVCETHLHWHTVAKETCSE 
ISO 

AACAGTACCAACTrGJATCACrACGliCATCTTCCTCCCCTGCCGAATTGACAACTTCCCA 
KSTMLHD¥CnLL?Cr. innFR 



GCGCACCAGCATCACTCCCATGTCTGGTCCCCCCCACCAGACACAGACTATGCACATGCC 
ACCDOSOVWMGGADTDYADG 
210 

ACTCAAGACAAACTACTACAACTACCACACCACGAAGAACTGGCTCAGGTCGAACAAGAA 
SCDKVVEVAEEEt'VAEVEEE 



CAACCCGATGATCACCAGGACCATCAG3ATGGTGATCACCTAGACGAAGAGGCTGAGGAA 
EAOODED[}EDCDEVEE£AeE 
250 

CCCTACGAACAACCCACAGAGAGAACCACCAGCATTCCCACCACCACCACCACCACCACA 
PYEEATKHTTS fATTTTTTT 
270 



124 
184 



;AckGGTi 



CAJTCTCTC GAAOACGTGGTTCGACftGJTGTGCTCTCAACAAr.rCflAnACCCGGCCCT GC 
E S V e E V V H E V" "'C S E — Q — X — E T — Z P — 

190 



CCAGCAATCATCTCCCCCTCGTACTTTCATCTCACTGAAGCGAACTCTCCCCCATTCTTT '.CB4 

~5 A ?r i s B w V F 5 V T E c K c A p r r 

ilO 

_ TACCGCCCATCTCCCCCCAACCGCAACAACTTTGACACACAAGA GTArTOCAT CGCCGTG :U4 

Y c o c c G B H p n r c T — E — ' — 7 — c — ^ — — 7 

iiO 



TGT OSCACCCCCyrTCCTACAACACCAG CCACrACCCCTGATCCCGTT^^ACAAGTATC TC 
~C 3 R TP r T A A S 1 P D A 7 D f Y L 

GACAl.A',"lGGjGATCACAATGA/iCATC<tCCA-:T1CCAGAAAGCCAAAGAGA3GCTT:.AC 
E T P G D K N F- K .\ H F 0 f A K E R L e 

no 

".CCAAGCACCCAlIACASAATGTCCCAOCTCATOACAGAATCGGAAr.AOCtTAr.AArOTCAA 
AKHPERftSQVMREWECAEnO 

GCAAAC;AACTTC.CCTAAACCT0ATAAGAACGCAC fTATCCACCATTrCCACGACAAACTC 
ASKLPC, AOKKAV 1 GMrOCRV 

CAATCTTTCGAACACGAACCACCCAArr.AC'AGACACICAGCTCCTCGAGACACACATGGCC 
ESLEQKAANERvC'LV'ETHffA 
■1 10 



ACACTCCAAGCrATGCTCAATCACCGCCGCCCCCTGGCCCTGCACAACTACATCACCCCT 
BVEArtLHDBRRLALCNYITA 
*50 

CTCCAGGCTGTTCCTCCTCGGCCTCCTCACCTGITCAATATCCtAAACAAGTATGTCCGC 
L9AVPPRPFHVrNnLKXYVR 
470 

CCACAACaCAAGSACaCaCaGCACACCCTAAACCATTTCGAGCATCTGCCCATCGTCGAT 
ACORDnOHTLRHF EHVpnVO 
490 

CCCAAGAA-ACCCCCTCACATCCCGTCCCACCTTATCACACACCTCCCTGTCATTTArCAC 
PKRAAOl RSQV/riTHLBVIYE 
510 

CGCATGAATCAGTCTCTCTCCCTGCTCTACAACGTCCCTCCACTCCCCGACGACATTCAS 
R.". SOSLSLLYNVPAVAEEtQ 
5 JO 

CATGAAGTTGATCAGCTCCTTCAGAAACACCAAAACTATTCAGATCACGTCTTGCCCAAC 
DEVOELLOKEONYSDDVLA,-* 

ATCATTACTCAACCAAGCATCaCTTACGCAAACGATCCTCTCATCCCATCTTTGACCCAA 
niSEPK I SYGHCALf. PSLTE 

■ire 

ACCAAAACCACCOTCCACCTCCTTCCCCTGAATCCaCACTTCaCCCTCGACGATCTCCAj 
TKrTVELLPVNr^EFSLDDLO 
590 

CCGTGCCATTCTTTTGGGGCTGACTCTC TGC CApjXAACAC AG/V5AA^CAAC 
p w "h' f r. " A " n" s V '? "a"""n "f "r'n f. v f. p 
f 1 0 



AATATCAACACCGAGGACATCTCTGAACTGAACATCCATr.CAciOkTTCCCACATCACTCA 
NIRTEEISEVKnOAfl_fRHD3 

GGATATCAJVCTTCATCATCAAAAAT7GGTCTTCTTTGCACAAGATGTCGGTTCAAACAAA 
G Y E V M H 0 It V r K A E D V G S K R 

670 

GGTGCAATCATTCCACTCATGGTCGGCCGTGTTCTCATACCCACAGTGATCCTCATCACC 
GAI ICLnVGGVVI ATVIVIT 

TTGG7GATGCTGAAGAAGAAACACTACACATCCATTCATCATGCTG7GGTCGAGGTTGAC 
L VULKKFQYTSI HHGVVEVD 
710 

GCCGCTCTCACCCCACAGGAGCCCCACCTCTCCAAGATGCAGCAGAACGGCTACCAAAAT 
AAVTPEEPHLSKNCfOl^CYEN 
733 

CC.VACCTACAACTTCTTTCACCACA7CCACAACTACACCCCCCCCACAGCACCCTCTCAA 

PTyKFi'EcnCN 
750 

GTTGGACAGCAAAACCATTGCTTCACTACCCATCgGTGTCCATTTA7AGAATAATGTCG3 
AAGAAACAAACCCSTTTTArCATTTACTCArTATrGCrrTTrTGAtTAr.CTGTGCTr.TAACA 
CAAGTACATGCCTGAACTTOAATTAATCCaCACATCAGTAATCTATTCTATCTCTCTTTA 
CATTrTGCTCTCTATACTArATTATTAATCGCTTrTG rGTACTGTAAAGAATTTACCTGI 
ATrAAJVCTAGTOrATCAATAGATTCTCTCCrCATTATTTATLACATACCCCCTTACCCA:; 
TT',V) ATATTA rTCTTGTCCTT-rC.ICACCCAATTAAGTCCrACTT rACAfATCCTTTAAGA 

ATrr.ATv;GO'r.GATr.'*TTrATr;Tr.AA<:rrr,r.';Ar,TrrAjr T■^.^TTCT^TTf;^CTA,^^,T^TT 

C"" TTTCLTOATCArTATCiCA l lT l AAAGTTA/'iACATT r rTAAGTAl TTC ACATCCTTTAj 
AGAflATTTTTTTTnCATGAC fCCATTT TACTtJTAC AC ATTG CTCC TTCTGCTAT ATTTC f 
GA-rATACCAArTAACACGATACACACCTT7GTT7CTTCCTr.rCTGrT7TATCTGC:ACACA 
TTA;vt;(;ATTOAr,ACTTrAAOCrTTTC:TTTTrTCTCCACGTATCTT-TGGGTCTTTCATAA 

AGAAAAr.AAT;:ccri;TTrATT:;TAA(;._-ArTTTTA('r.t;(;c;(:r.Gc.Tr,GGr,A:;Gr.r.T;;cTrT':. 
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Fig. 2 Nucleotide sequence and deduced 751 amino-acid sequence of the cDNA. Numbering of nucleotides begins with (he firM base 

of the clone and proceeds in a 5' to X direction for a total of 3,148 bases. The inserted 1 67 bp domain is boxed ( nucleotides 990-1.157): ihf 
insert-specific oligonucleotide (nucleotides 1,032-1,091) and deletion-specific oligonucleotide (nucleotides 975-98*) plus 1.158- 1,172) are 
underlined in bold; oligonucleotides used in cDNA isolation are underlined (nucleotides 125-167 and 1,930-1,972); a partial A4-specitic 
cDNA clone (nucleotides 2,088-3,143) previously isolated from a normal brain library (unpublished data I is bracketed. 
Methods, Similarity studies and formatting were carried out using computer programs from Inielligenelics and the Wisconsin Genetics Computer 
Group, respectively. Complementary DNAs were isolated from a library constructed using RNA prepared from a SV40-transformed humim 
fibroblast line described by Wolf and Rotter''. Oligo(dT)-primed double-stranded cDN.A was synthesized from total poly(A)' RNA. then 
ligated with linkers and cloned into the EofR) site of the AgtiO vector; the brain and lymphocyte libraries were obtained from Cloneiech. 
Palo Alto, C A. About 1 x lO'' phage from the SV40-transformed fibroblast library were screened by hybridization' '' with synthetic oligonucleotide; 
labelled by kinasing''^ and with a cDNA probe labelled by nick-translation'". Twelve hybridization-positive (for all probes J phage clones were 
characterized for insert length from which two were subcloned into Ml3 vectors for sequence analysis by the didcoxy chain lerminuiion 
procedure"'. Both strands of each cDNA were sequenced using synthetic primers. 



gene copy number^"'*' we infer that the two RNA species arise 
by alternative splicing of a single transcriptional unit. Two 
A4-specific transcripts of 3.2 and 3.4 kb have been previously 
identified in normal adult human cortex and in the cortex of 
Alzheimer's disease patients'*. The presence or absence of the 
I68-bp insert, or the use of two existing polyadenylation sites 
in the 3'-untranslated region"* may explain the differences in 



message length. Examples of brain-specific alternative RNA 
splicing have previously been reported'*"''. 

It is premature to conclude that A4ft^^ mRNA is expresied 
only in cells of neuronal origin. In fact, preliminary experimenis 
indicate that HL-60, a promyelocytic leukaemia line, e.xprcsiti 
both forms (P.P., unpublished observation). In situ hybridii- 
at ion analysis will be necessary lo oh lain a complete undersiand- 
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Fig. 3 Northern anulysis of A4^.)5 and A^-^.^ mRNA species. Toial or 
cytoplasmic RNA wys isolated from humun aduU brain sections or cell.s 
prupagaled in culture. The cultured cells are HeLa, an cpiihelial-like cell 
derived from a cenical carcinoma; MRC5, a primary fihroblast line from 
feial lung tissue; IMR-32, a mi.xcd culture developed from a peripheral 
neuroblastoma with the predominant cell of neuroblast-like characteristics 
•jnd the minor type resembling a hyaline libroblast. All cell lines used are 
availiihle from the American Type Culture Collection. Total RNA prepar- 
iiiion'; from brains were i.sotated by the guanidine thiocyanale/ LiCl method 
of Cilhala ei «/.""*. A cytoplasmic fraction from conlluent monolayers of 
HeLi and MRC5 cells was prepared by lysis of the cells in a hypotonic 
hulfer of 10 mM Tris />H 7.5. litmM KC l, I tiiM MjiCl:, I*;:. Triton-XHM). 
U.1% sodium deoxycholate for 10 min at 4 °C\ homogenization in a Do u nee 
xiih a B' pestle for 10 strokes, and pelleting the nuclei at 2,500g for 5 min. 
The lupcrnatani was mixed with guanidine thiocyanale. and RNA was 
pslleted ihrough CsCl by the method of ( hirgwin e( ai" . Total RNA from 
the .same cells Wdi obtained by lysis of the celU directly into guanidine 
'.hiocyanaie followed by CsCI fractionation as above. RNA ( 100-400 (xg) 
wuv fractionated by oligo(dl ) cellulose chromatography by the method of 
•\vi\ and Leder"". Samples containing poly<Aj RNA were divided into 
■.wo aliquois. run on duplicate formaldehyde/ I'-'i agarose gels, and blot- 
.rjnsferrcd lo nitrocellulose by the method of Tht>mas''. Nitrocellulose 
fi'tcrs were hybridized either to the iunciion oligonucleotide 1 5'- 
C TG( TGTTGTAGGAAC TCGAACCACCTC rr 3 } or the insert oligonu* 
ck'otidL' 

(V-CGCCGTAAAAGAATCGGGCACACTTCCCTTCAGTCA 

CATCAAAGTACCAG(GCjGAGATCA-3'I 

which had been labelled with a 15-30 nucleottde-long homopolymehc tail 
UNing l(»-^'P|dCTP and terminal deoxynucleotidyl transferase as previously 
described'**. The bulTers used for hybridization contained 10'!;. dextran 
>ulphate. 5xDenhardt'5 reagent. 50mM sodium phosphate (/)H6.7), with 
.S.SC and formamide concentrations dependent on the probe used — junction 
oli(;onucleoiide: 20';'o formamide, 6xSSC; insert oligonucleotide: 34';;. for- 
mamidc. 4>:SSC; actio: 50% formamide. 4yS.SC. Blots were washed to a 
final stringeticy of 1 x SSC at 55 °C, and exposed to Kodak X-AR him for 
3 day*,. Both blots were then .stripped and rehybridized to a human ^-aclin 
cDNA insert"*' which had been labelled by nick-translation with [it- 
'■p)dCTP^'*. Re-exposure (6 hi of the filter used in a is shown in c; re- 
c.iposure of filler shown in h is \xry similar and is not presented. The RNA 
Namples displayed arc: Lane I. total lMR-32; 2. total MRC5; 3. total HcLa: 
4, cytoplasmic M RC5; 5. cytoplasmic HcLa; 6, normal cerebellum; 7, normal 
t'rontiil cortex; H, Al) frontal corte.x; 9. normal parietal cortex, a. RNAs 
hybridized with the junction oligonucleotide; 6. R.NAs hybridized with the 
inscn oligonucleotide; and r, RN.As hybridized with human ;;i-aciin cf)NA. 
Rihospmal R N.As used as internal size markers arc shown. The normal brain 
>amplcs were obtained from two dillereiU individuLils, ^iS years of age ffroiuai 
cortex and cerebellum samples) and 60 years of age (parietal cortex sample f, 
W\h lacking clinical signs t)f dementia. The Alzheimer's disease sample was 
ohtained from a 97-year-old patient displaying overt clinical indications of 
■.he disease. The tissue samples were obtained 4. 14 and 5 h post-mortem 
frnm the tU and *^7-year-old individuals, respectively. Becau.se different 
jniounts of RNA may be contained in each sample, determination of the 
relative amounts of each A4-specific species in the dilfereni samples is not 
possible. 



ing of the distribution and expression levels of these twu A4- 
specific mRNAs in normal and in pathological conditions such 
as Alzheimer's disease. The single Alzheimer's disease cortex 
sample examined here shows no striking ditlerences in the 
relative amounts of each mRNA compared to the normal cortex 
samples. 

The similarity of the 57-amino-acid insert to a family of 
proteinase inhibitors suggests that it may have a similar function. 
The biosynthesis and physiological role of this proteinase 
inhibitor family are not well understood. Bovine pancreatic 
trypsin inhibitor is derived from a larger precursor'** and the 
other members of the family may be as well. In each case, the 
functional inhibitor is -57 amino acids long or a dimer of two 
such units. The precursor of the human inter-a-trypsin inhibitor 
may be functionally active'^ Similarly, the entire AA-j^i protein 
might function as a proteinase inhibitor or the putative inhibitor 
domain may, be proteolytically excised and function indepen- 
dently. The physiological role of other serine proteinase 
inhibitors is the regulation of a single proteinase'^. The analysis 
of the physiological function of the A47.M insert and the iden- 
tification of its in vivo target must await the production of the 
pure protein. 
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the NIH ( I.L., K.D., W.W.). The sequence data in this publica- 
tion have been submitted to the EMBL/GenBank Libraries 
under the accession number Y00297. 



RiVfi^fti Sepiemher; accepled l^ Decern her I'JS?. 



1, .Vla^ter^. C , L. ff at. /Vx. num. Auid. Sa. U.S A 82. 4:45-4244 t WSSt. 

2. Oknner. G. G. & Wont:. <■ ■ W. ftituhem. ht.tphy.s. Rts. Cnmntu/t. 120. SS5-H'iO i\\i;^-i>. 
.V Gktincr. G. G. & Wnn^. i . fi-.nt fwm. h,„phyy. R^^^. Conimutt. 122. 1 l .M - 1 1.'.^ < lO.SJi, 
4. K;inp. J. f( ni Saitin' 325. 1 < l*>S7l. 

Gotcgahcr. 1).. Lerman. M f. McHritle. O W., Sjttiotii. V. & Gajdij>L'V. IX ('. Srirrn f 

b. Tan/i. R. K. t-r ul. S^inne 235, .^S(i-XS4 ' 1^>S7). 

7. Rah;ikjN, N. K.. Ramakrishnj. N.. Wo! IV. (i. &. Wisniew.^Li, H. M. Prm nam. At ad. Hci. 
t '.S,A. H4. 4 !*)(>- 4 1 44 I Ns^f. 
Si. George- H>>l<ip. P. H. fi at. Savn.r l.\H. t>f)4-^^^ ( WK7|. 
4. Tan/i. R. ii.. Bird. P.. 1).. Utl, S. A. & Ntrve. R. L. Sncmr 238. ^hf)-#>6*> ( t<JS?|. 
1(1. Podlisny. M. B.. U-e. G. & Selli.x', I). J. Sdemv 2.1H. 6hV-67 1 i I^JST). 
11. .Nawa. ir. Knumi. H. & Nakunishi. S. Smurf 312. 72^-734 ) iyS4>. 

i:. Aniara. S. G.. Jona--. V,. Ro>cnt*eId. M. G,. Org, L. S. & Lvans. R. M. ,\aiure 2'#H. .Mo- 244 
( I4x:f. 

1. V Mynintv. R,, Miithcy-Prcvot. H,. Hcrnard>. A. A Byltimore. I), Si Umv 237,41 1-4 I^i ( I^S7t 
)4. Anil«rson, S. & KingNton. I. B. Proc. miin. AiuJ. Sti U.S.A. 80. riX3S.hS4: ( t«;.s3) 

15. Cu'hhuril. W & Hoch>tra';>or. K. in Prtneinaw Inhihunrs tedb Harrcil. A. J. A: SalvL->eii 

I.CJ.l 3H**-4(j: (hUe^ier. Afn>icrdain, WSht. 
If., Travis, J. & Salvc^eii. (i. A. fit't: Uiuchtm. 52. 655-7tW I I^h:). 
17. Wolf 1). & Rot 10 r, V. Prm: mitn. AcaJ. Sti. U.S.A. 82. 790- 7^4 t|yX.^). 
in. Benn.n. W. D. & Davis. R. W. Sdt-nu- lf)6, IW^IS?. (1^771. 

l^. Maniati>. 1.. rntNCfi. K. h, & Sanihrouk, J. 'Sfottiutur ( Inninit: .-\ I aboralnrv Mutiuol U'old 

Sprint: Harhor Lahni Jinry. N?w ^'tirk. 1^X2). 
21), Kitiby. IV W.. l>iccVma:in. M.. Rhodo. l\ &. Berg. P. / ninUt. Hint. 1 )3. 237 25t I 1477). 
21. Sanger. K.. Nicklen, S. 8l C ouUon. A. K. I'rf.c. tuiin .Aiutt Sci. 74. S4ft.w?467 ( l^?? .. 

22 l.ipman. O, J. A Pearson. W. K, .W/fmv 227. 1 4.15-1 44 1 iWy). 
23. Laskowski. M. A Kaio. I. A. Ret: Hunhrm 49. .^^.^-62h i NJ^O) 

24 fuitial:;. G. ti ul. DS'A 2. "^24-3.15 114H3I. 

25 (*hirt;win. J. M., I'rzyhslu. A. t£.. MaeOunjId. R. J. \ RuHer. W, J. Hi<Kh,-m,Mrv iH. 

52y4-.';2y'> I I'il^K 

2^. Aviv. H. 6i l.edvr. P. I'mt: num. .Atuti. Sa. U.S.A. 69. I40S-UI2 1(9?:), 
27. Thomas. P. Pnn: nutn. Avad. Sa. U.S.A. 77. ^201 -52(15 (WSIH. 

2, ^. Di-nt;. (i. & Wu. R. Sufteiv .ArUh Riy 9. 4|?.U4l7f» ( I9H1 I. 
29. Ciunninii. P. ft ui ^inhi. Cell lluit. \ 7x7-795 (WX.^t. 

.Vi. Kassell, R. A LasWrtu-iki. M, HUnhem. hu>ph\y Kc.v Comniiitt. 20. 4f^3-4^S (19651 
.11. WaLhiet. H.. Dcppncr. K.. Hochstrasscr. K.. Lempari. K. i GcUer. R, f-EHS Leu. 119. 
.S8-tt2 (19»0). 

^2. Cechovu. I).. Jonakova. V. & Sorm. f-. C ultecf C ':,rb. Chvrn. Cnmmun. 36. 3.M2-3357 ( W7 1 1 
.1.1. Waehtcr. K. & Hochslrasser, K Hnppr S'\\h'r\^ Z. phyuol. Chi'm. M>2. 1.15 I -1.155 ll9.^H, 
34. HnchstraSNtfr. K. & Wiichtcr. tl. Hoppi'-Si-ylcr .y Z. phy\iol. C hem. 364. 1^74-16X7 il9,vV,. 



-LETTERSTONATURE - 



NATI HH vol.. ?M II KHfiKUARY 14^ 



or even increased, in AD-atfected frontal conex. Conversely, 
the APP mRNA lacking HL124i or the specific cells containing 
this species may be severely reduced or eliminated in AD. 

It is possible that the potential protease inhibitor domain 
encoded by HL124i alters the metabolism of APP, perhaps 
protecting the molecule from degradation by certain serine 
proteases. Kunitz-type inhibitors are specific for serine proteases 
such as trypsin, chymotrypsin, elastase, plasmin and cathepsin 
G (refs 16, 17). Whereas these enzymes could be inhibited by 
the HL124i domain in APP, other classes of proteases would 
presumably be refractory to its effects. Thus, the proteolytic 
intermediates resulting from the metabolism of the APP 
molecule could differ appreciably, depending on the presence 
or absence of the HLl24i domain. Like human ITI, this domain 
could have anti-proteolytic activity both in the intact and excised 
staie'^*'*^, giving APP the ability to inhibit the degradation of 
other proteins. It should be noted that the principal component 
of the vascular amyloid in the Icelandic form of hereditary 
cerebral amyloidosis is a variant of cystatin, a cysteine protease 
inhibitor'". Alpha- 1-antichymotrypsin, a serine protease 
inhibitor distinct from the Kunitz family, is a component of 
amyloid plaques in AD (C. Abraham, D. J. Selkoe and H. Potter, 
Cell, in the press). As the physiological function of Kunitz-type 
inhibitors is not understood^\ HL124i could possibly provide 
the amyloid precursor with a new function unrelated to protease 
inhibition. 

We thank S. Orkin for the HL60 cDNA library, and N. 
Ramesh, C. Strang, L. Graham and B. Yankner for discussion 
and advice. We are grateful to the Whitaker College at the 
Massachusetts Institute of Technology for use of computer 
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and J.F.G.) and the McKnighi Foundation (J.F.G.). and was 
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Novel precursor of Alzheimer's disease 
amyloid protein shows 
protease inhibitory activity 
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Alzheimer's disease' is characterized by cerebral deposits of amy- 
loid ^-protein (AP) as senile plaque core and vascular amyloid^"^, 
and a complementary DNA encoding a precursor of this protein 
(APP) has been cloned from human brain^"". From a cDNA 
library of a human glioblastoma cell line, we have isolated a cDNA 
identical to that previously reported, together with a new cDNA 
which contains a 225-nucleotide insert. The sequence of the 56 
amino acids at the N-terminal of the protein deduced from (his 
insert is highly homologous to the basic trypsin inhibitor family'^, 
and the lysate from COS-1 cells transfected with the longer APP 
cDNA showed an increased inhibition of trypsin activity. Partial 
sequencing of the genomic DNA encoding APP showed that the 
225 nucleotides are located in two exons. At least three messenger 
RNA species, apparently transcribed from a single APP gene by 
alternative splicing, were found in human brain. We suggest that 
protease inhibition by the longer APP(s) could be related to 
aberrant APP catabolism. 

We first screened various cell lines by RN A-blot hybridization 
using a synthetic oligonucleotide probe (AM-1, Fig. la), and 
found APP mRNA to be expressed strongly by human glioblas- 
toma (ATCC HTB14, 16, 17), neuroblastoma (ATCC HTBIO, 
11 ) and neuroglioma ( ATCC HTB148) cell lines, but only weakly 



by hepatoma {HepG2), monocytic (THP-1 ) and lymphoblasioid 
(RPMI1788) cell lines (data not shown). Expression by glio- 
blastoma ATCC HTB14 was strongest, and this cell line was 
thercTore chosen for the cDNA cloning. 

The cDNA was cloned in two separate fragments for 
efficiency, the /Jam HI fragment (5'piece) and fiamHI-HmdIil 
fragment (3'piece), as shown in Fig. \a. Complete nucleotide 
sequencing of the fla/ri H I- Hmdl II fragment harboured by one 
clone showed it to be identical to that in the corresponding pan 
of the reported APP cDNA (ref. 7). 

Two species of the Bam H 1 fragment were isolated using AM-5 
as hybridization probe, from a library prepared with AM-1 as 
primer. One was about 1.4kilobases (kb) long and the other 
about 1.6 kb. The nucleotide sequence of the shorter cDNA 
(later ligated to form full-size cDNA p,APP695, coding for ihe 
695-amino-acid peptide APP695) was identical to that of the 
1,376-base-pair (bp) BamH\ fragment of the reported APP 
cDNA (ref. 7). Sequencing of the longer cDNA (later tigaied 
to form full-size cDNA pAPP770, coding for the 770-amino-acid 
peptide APP 770) showed that it differed only in the presence 
of a 225-bp insert between nucleotides (nt) 865 and 866 of 
pAPP695, as numbered from the first base of the putative trans- 
lation-initiating codon. The amino-acid sequence deduced from 
the nucleotide sequence of the longer cUNA thus includes a 
novel 75-amino-acid insert in the highly acidic region of the 
putative extracellular domain' of the APP ( Fig. 1 h ), with valine, 
amino acid 289 of the original peptide, replaced by glutamic 
acid and leucine at respective ends of the insert (Fig. U). 

The novel sequence of 76 amino acids was screened against 
the NBRF data base, when we found that its N-terminal 56- 
amino-acid sequence showed a strong similarity to the basic 
trypsin inhibitor family (Kunitz type), see Fig. 2 (ref. 12). The 
spacing of its six cysteines is consistent with the spacing found 
in the minikringle structure common to this family. Extensive 
congruency with the highly conserved region of this family 
(underlined in Fig. 2) is also seen, including the presence of a 
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Table 1 Relative trypsin activity in COS-1 cells transfected with APP 
cDNAs (mean ±s.e.m.) 



Plasmid None pSVMT-APP695 pSVMT-APP770 

run I IOO.O:rlS.O 94.0±12.4 2*^.0±15.9t 

run 2 100.0x10.4 101.0±5.5 36.8±2.V5* 

The average value of "none" is set as 100%. Lysate of mock-irans- 
fected cells intrinsically showed 47-58% inhibition compared with 
lysate-free control. BamHl (partial)- Hindi II fragments of pAPP695 
and pAPP770 were inserted into a mammalian expression vector between 
d mouse metallothionein-I promoter and an SV40 potyadenylaiion 
sequence. The plasmid (10 p.g) was transfected into 4x 10^' COS-1 cells 
by electroporation (}\i,f, 400V, 1.0-1.3 ms. twice, with 30s interval}. 
The transfected cells were cultured in Dulbecco's modified minimum 
essentia! medium with 10% fetal calf serum, and the medium changed 
after 24 h. Cells were collected, 4 1 h later and homogenized in extraction 
buffer (0.1 M triethanolamine, 0.3M NaCK 0.01 M CaCU^pH 7.8). 
Inhibition of trypsin activity was measured as described"' with 
modification. Cell lysate containing 100 protein was incubated with 
trypsin for 5 min, and the trypsin activity measured using /V-o-bcnzoyl- 
OL-arginine-7-amino-4-methyl-coumarine (Sigma) as a fluorogenic sub- 
strate. 

' P<0.05, -5- P<0.01, Student /-test. 

basic amino acid (denoted by an asterisk in Fig. 2) in the active 
^ite'-^-'^ 

In Southern blot analysis of flamH 1-digested lymphocyte 
DNA from one normal individual and eight Alzheimer's disease 
patients with a 2t2-bp Taiy l(nt 862)-Ai;^3 1(nt 1,073) fragment 
of pAPP770 (Fig. Ic) as hybridization probe, only a 6,6-kb 
band was commonly observed, suggesting that the 225-bp insert 
exists as a single copy, and that there is no significant difference 
among these genomic DNAs (data not shown). Genomic DNA 
clones containing the region of the 225-bp insert were isolated 
from the human leucocyte DNA library (Clontech, USA) using 
the2l2-bp Taq\-Ava \ fragment as probe. In the genomic DNA, 
the 225-bp sequence was located in a 168-bp exon and a 57-bp 
exon, separated by an intron of -3 kb, with both exons flanked 
by intron-exon consensus seque^ces'^ The 168-bp exon 
[tentatively designated I, among exons H, I, J and K of this 
region, as defined in Fig, 3a) corresponds to nt 866 to 1,033 of 
pAPP770, and the 57-bp exon (J) to nt 1,034 to 1,090. Exon I 
encodes the highly conserved region of the protease inhibitor 
family. 

In vivo expression of the corresponding mRNA species was 
investigated by RNA-blot hybridization using 24-mer probes 
AM-11, AM-12, AM-13 and AM-14, complementary to the 
H-K, H-l, I-K and J-K junction sequences respectively (Fig. 
}a]. The results show that mRNA species with the H-l and the 
H-K sequences were both siibstantially expressed in fetal brain, 
whereas the mRNA with the H-! sequence was predominant in 
adult hippocampus- Comparison of mRNA species having the 
I-K and the J-K sequences shows that both are expressed in 
similar amounts in fetal brain, but in adult hippocampus the 
1-K sequence was expressed more than the J-K (Fig. }b). These 
results indicate that at least three species of mRNA are expressed 
in vivo, apparently as a result of alternative splicing. In 
poK'(A)^ RNA from HTB14 cell, the mRNA species with the 
I-K and J-K sequences predominated over that with the H-K 
sequence. 

Greatly increased inhibition of trypsin activity was observed 
with APP 770. Plasmids pSVMT-APP695 and pSVMT-APP770, 
expressing full-length APP695 and APP770, respectively, under 
ihe control of mouse mctallothionein-I promoter, were construc- 
led and transfected into COS-1 cells (legend to Table 1). The 
lysate of the cells transfected with pSVMT-APP770 inhibited 
trypsin activity against a synthetic substrate more strongly than 
the lysate of either mock-transfected cells or cells transfected 
Aith pSVMT-APP695 (Table 1). 

It has recently been shown that the APP gene is not duplicated 
ifi Alzheimer's disease (both familial and sporadic) (refs. 16-18), 
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Fig. 1 APP cDNAs (pAPP695 and pAPP770). their predicted 
proteins, and the nucleotide sequence and deduced amino-acid 
sequence of the novel insert in pAPP770. a, Schematic representa- 
tion of APP cDNAs. Pututive coding region of APP cDNA (ref. 
7) in open box; a novel 225-bp insert of pAPP770 in closed box; 
region coding for peptide of amyloid deposit in hatched box. 
Positions of oligonucleotide probes AM-3, 4 and primer AM-1 are 
indicated, Proposed domain structure of APP695 (ref. 7) and 
APP770. Domains: 1, signal sequence; 2. cysteine-rich region; 3, 
highly-negatively-charged region, with novel insert (closed box) 
in APP770; 4, /V-gIycosy!ation-site region; 5, transmembrane seg- 
ment; 6, cytoplasmic domain. Hatched box, amyloid deposited in 
the brain, c; Nucleotide sequence and predicted amino-acid 
sequence of the novel insert of pAPP770. Nucleotide residues are 
numbered as described in the text. The novel insert (gothic) begins 
at nt 866 and ends at ni 1.090 (between arrowheads). The deduced 
amino acid sequence is numbered beginning with the amino- 
terminal methionine. The amino acid residues absent in APP695 
are numbers 289-364 (gothic). 

Methods. Glioblastoma HTB14 was purchased from American 
Type Culture Collection (ATCC) and cultured as recommended 
by ATCC. Total RNA was extracted-' from -5x10' cells. 
Poly(A»^ RNA was isolated by oiigo(d 1 i-cellulose chromato- 
graphy. II) Cloning of 3' piece of .^PP cDNA. Doublc siranded 
cDN.A was prepared by oligoidTl priming using lOjjLg poIy{A)* 
RNA and digested with Ham HI and Hind III. Fragments of 1-2 kb 
were isolated by agarose gel electrophoresis and ligated into 
flflwH I- HiVjd Ill-digested pUCl9, followed by transformation into 
Escherichia coli MCll)6l. Transformants (3.5 x H)-*) were screened 
with oligonucleotide probe AM -4 ( S'-ACC.ATGAGTCCAAT- 
GATTGCAC-?'). 200 positive clones were obtained, of which 18 
were subjected to restriction-site analysis with identical results. 
The sequence of one clone was determined by the dideoxy 
method-''--. (2) Cloning of 5' piece of APP cDNA. Double- 
stranded cDNA was synthesized using oligonucleotide primer AM- 
I (5'-CTTCATATCCTGAGTC.ATGTCG-3') and digested with 
BamH\. Fragments of 0.7-2 kb were isolated and ligated into 
flfimHi-digesied pUCl9. Transformants (9x10'} were screened 
with AM-3 probe (5'-CATTCATGTGC.ATGTTCAGTCTG-3') and 
20 positive clones were obtained. One of 12 arbitrarily chosen 
clones had a 1 .4-kb insert, as predicted from the reported sequence' . 
The other 11 clones had 1.6-kh inserts. The nucleotide sequence 
of the 1.4-kb insert and of the 1.6-kb insert was determined. 
Full-size APP cDNAs, pAPP695 and pAPP770, were constructed 
by ligation of the 1.4.kb and the 1.6-kh HaniH] fragments respec- 
tively to the y BamHI-H/ztdlll fragment. 
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Fig. 2 Alignment of ihe N-terminal 56 amino 
acids of Ihe deduced novel 76-amino-acid insert 
sequence in APP7'70 with the known ha^ic trypsin 
inhibitor family. The residues homologous to the 
highly conserved sequence of this family arc 
underlined. The basic amino acid residue (Arg) 
in the active site is indicated by an asterisk. 
Residues identical to APP770 are bo.xed. To the 
left are given the residue numbers of the Hrsl 
aligned amino acid. Proteins; BPTK bovine basic 
pancreatic trypsin inhibitor precursor; BIATI. 
bovine inter-nr-trypsin inhibitor; HIATK human 
inter-a-trypsin inhibitor; SA5II, sea anemone 
proteinase inhibitor 51! tref. 13); VBPI 11. 
Russell's viper venom basic protease inhibitor 1 1 



Fig. 3 Expression of APP mRNA in human brain, a. Schematic 
representation of the synthetic oligonucleotide probes (24-mers) 
designed to detect alternatively spliced APP mRNA species. 
Regions H. I, J and K correspond to the exons tentatively desig- 
nated by the same letters (see text). AM-11 (5'-CTGTTGTAG- 
GAACTCGAACCACCT-?') is complemeniary to the H-K junc- 
tion; AM-l 2 (5'-CAGAGCACACCTCTCGA.ACCACC T-.V) to the 
H-l iunction; AM-13 (5'-CTGTTGTAGGAATGGCGCTGC- 
CACO ) to the l-K junction; AM- 14 (5'-CTGTTGTAGGA- 
AGTTTAACAGGAT-.V) to the J-K junction; nt, nucleotide num- 
ber, h. Northern blot analysis of human brain poty(A)* RNA. 
Lanes 1,4, 7 and 10: poly(A)^ RNA from adult brain (7()-year-old 
male, hippocampus); lanes 2, 5,8 and 1 1 : from fetal brain (lO-week- 
old aborted fetus); lanes 3, 6, 9 and 12: from glioblastoma HTB14. 
Hybridization probes are indicated, c. .Southern hybridization to 
determine the speciticity of probes. Lanes contain flt/w Hi-digested 
P.SVMT-APP695 Uanes'l3, 15, 17 and 20), pSVMT-APP751 (lanes 
IS and 21} or pSVMT-APP770i:ianes 14. 16, 19 and 22). Hybridiza- 
tion probes are indicated. 

Methods. Total cellular RNAs were prepared from fetal brain and 
HTB 14 cells by the guanidium/CsCl method-' and poly(A)^ RNAs 
were isolated by oligol dT)-cellulose chromatography. Poly(.Ai* 
RNA from adult brain was purchased from Clontech Inc. Glyoxai- 
denatured po!y(A)^ RNA (2.5 ^ig per lane) was fractionated on 
1% agarose gel, run in lOmM sodium phosphate ipHl.O) (ref. 26) 
and subsequently transferred to Zeta Probe (Bio-Rad). An RNA 
ladder (BR L) was used as size marker. For Southern btot analysis, 
pSVMT-APP751 containing the H-I-K sequence wjs constructed 
from pSVMT-.APP770 using AM-13 as deleter' \ tfum H I -digested 
pSVMT-APP695, pSVMT-APP75l or pSVMT-APP770 were trans- 
fcrred to Zeta Probe. Each filter was hybridized with ^-P-labelled 
oligonucleotide probe in 5xSSC, 25mM sodium phosphate {pH 
7.0), 5xDenhardt's solution, 1% glycine, 0.1% SDS at 55 T for 
2h. The filters were washed at 55 °C in 6xSSC, 0.1% SDS. 



and that the APP gene is not tightly linked to the familial 
Alzheimer's disease (F.AD) locus' Possibly then, the FAD 
gene product could affect alternative splicing of the APP gene. 
Although no serine proiease(s) which would be inhibited by 
APP770 or its additional fragments has yet been identified, we 
suggest that protease inhibition might be involved in the aberrant 
processing of APP, resulting in the deposit of amyloid /3-protein. 

The new species of APP cDNA could therefore be important 
in the investigation of the pathogenesis of Alzheimer's disease 
and Down's syndrome. During the preparation of this manu- 
script we learned that two other groups have isolated cDNA 
clones encoding APP with a sequence homologous to the trypsin 
inhibitor. 

We thank Miss K. Ohishi for helpful assistance, Dr S. 
Nakamura and Mr S, Horiguchi for discussions. 
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Amyloid B-protein/amyloid A4 is a peptide present in the neuritic 
plaques, neurofibrillar>' tangles and cerebrovascular deposits in 
patients with Alzheimer's disease and Down's syndrome (trisomy 
21)'^ and may be involved in the pathogenesis of Alzheimer's 
disease'. Recent molecular genetic studies have indicated that 
amyloid protein is encoded as part of a larger protein by a gene 
on human chromosome 21 (refs 6-9). The amyloid protein precur- 
sor (APP) gene is expressed in brain and in several peripheral 
tissues, but the specific biochemical events leading to deposition 
of amyloid are not known. We have now screened complementary 
DNA libraries constructed from peripheral tissues to determine 
whether the messenger R!NA encoding APP in these tissues is 
identical to that expressed in brain, and we identify a second APP 
mRNA that encodes an additional internal domain with a sequence 
characteristic of a Kunil/-type serine protease inhibitor. The 
alternative APP mRNA is present in both brain and peripheral 
tissues of normal individuals and those with Alzheimer's disease, 
but its pattern of expression differs from that of the previously 
reported APP mRNA. 

We screened a cDNA library constructed from mRNA of the 
human promyelocytic leukaemia cell line HL60 to find clones 
hybridizing with rB68U a fetal brain cDNA for the .V portion 
of the APP message (Fig. I). One of the clones obtained, HL12, 
has additional restriction sites not found in a previously reported 
APP cDNA (ref. 7). HL12 contains a sequence identical to that 
of the previously reported cDNA, except for an insertion of 168 
base pairs (bp) of DNA between positions 865 and 866, This 
novel DNA sequence, designated HL124i, occurs within the 
codon for Val289 of APP. The HLl24i insert preserves the 
reading frame of the APP message, contains no termination 
codons, and would introduce 56 amino acids C-terminal to 
Arg28S of the APP protein, converting Val289 into an isoleucine. 
The HL124i segment recognizes a previously described"^ Ban\ 
restriction fragment length polymorphism (RFLP) that is not 
detected by any other portion of HL12, but demonstrates tight 
genetic linkage to the other RFLPs at the APP locus on human 
chromosome 21. Somatic cell hybrid analysis confirms that both 
KB68L and HL124i map to chromosome 21ql 1.2'q21 (data not 
shown). Figure 1 indicates where two potential splicing events 
could generate a message containing the novel sequence, assum- 
ing that the HL124i segment is encoded as one continuous exon 
in a single APP gene. 

In a search of the protein sequence database of the National 
Biomedical Research Foundation (Release no. 13), we found a 
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Fig. 1 Sequence analysis of the HL124i segment and restriction 
map of the full-length APP cDNA. HL12 consists of three tVoRI 
fragments which were subcloned into pUClS and designated 
HL122, HL123 and HL124. The sequence of the HL124i segmen; 
begins 3' to bp 865, interrupting Val289 in the APP cDNA sequence 
reported by Kang ei aC The HL124i sequence is not present in 
the corresponding fetal brain cDNA, FBI 30. Sequences present in 
both HL124 and FB130 which llank the 3' and 5' ends of HLl24i 
are underlined. Arrows indicate potential splice junction sites in 
HL124. The 22-bp region to which an anti-sense oligonucleotide 
was constructed for Northern blot analyses is overlined. The Tat/I 
and H«ell sites used to excise the HL124i segment from HL124 
for use as a probe in Southern blot analyses are also shown. The 
3' cDNA FB63 is identical to FB6SL. Sequencing was performed 
by the dideoxy method'' directly on pUCl8 subclones u.^ine a 
modified protocol from New England Biolabs and a modified V 
DNA polymerase-' on M13 subclones. 
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Fig. 2 Similarity between the protein encoded by H LI 24i and the 
Kunitz domain 1 1 regions of four basic protease inhibitors. Amino 
acid identities are boxed. Asterisks denote the six conser\ed cys- 
teine residues. Con.sensus amino acids present in all five sequences 
are indicated below. Filled circles indicate residues present in four 
out of five of the sequences. A filled triangle marks the amino acid 
residue at which the Kunitz domain (11 ) terminates. The sequences 
are of (he following proteins: a, HL124i encoded Domain in APP; 

basic protease inhibitor precursor-bovine (fragment)"^; c; human 
serum inter- fv-trypsin inhibitor"^; J, venom basic protease inhibitor 
11 (viper)"'*; e, Isoinhibitor K (HPI type) (edible snail)"-. 



group of 1 7 polypeptides with sequences similar to that encoded 
by HL124i. AlTare members of a family of Kunitz-type serine 
protease inhibitors''*'". Figure 2 shows the four inhibitors moii 
similar to the predicted HL124i amino acid sequence: these 
include the C-termina! domain (II) of human serum iniero- 
trypsin inhibitor (ITI) with 50% similarity. Human ITI comiit; 
of two connected domains embedded in a larger precursor'* 
Domain II has a selective affinity for trypsin'"*; domain I. which 
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Fig. 3 Comparison of FB68L- and HLI24i- 
hybridizing mRNAs. Hybridizations of HLl24i 
and FB68L to RNA CoVg) from human 20-22- 
week fetal tissues. Fetal tissue was obtained 
from mid-trimester elective abortuses under 
protocols approved by the institutional review 
board at Brigham and Women's Hospital. The 
blot to which HLl24i was hybridized was 

equivalent to that used in the FB68L hybridiz- ^,il^^^Hii^^BPWl^iKfllliK)K ^ HLl24i- 

uiion, except that the former lacked pancreatic 
RNA; a space has been inserted in the HL124i 
blot above the pancreatic lane of the FB68L 
blot. The minor hybridization band above and 

the APP band, seen in the liver lane, represents Wi^iiil^illMUM^!M^i^UI^Mi^^^~^^ 68L- 
non-specific binding of the oligonucleotide 
probe to 28S ribosomal RNA. /?, Hybridization 
of HLl24i and FB68L to RNA {10 pig) from 
uduU human brain subregions; AlO. frontal 
pole of the coaex; A17, striate cortex; AI8, 
extrasiriate cortex; A20, 21, temporal associ- 
ation coaex; A4, motor cortex; Cb, cerebellum; C-P. caudate-puiamen; Th, ihalamus-ventral posterolateral nucleus; Hi. hippocampus; .A40, 
posterior perisylvian cortex-supramarginal gyri; A44, anterior perisylvian cortex-opercular gyri. The two autoradiograms are the result of two 
independent hybridizations with the same filter. Methods of RNA isolation and hybridization with FB68L have been previously described". 
Hybridizations with the oligonucleotide were carried out in 5 x SSC and 50% formamide at 30 °C\ followed by three 30 min. washes in 3 x . 2 x 
and ixSSC at room temperature. 



does not inhibit trypsin but may interact with other serine 
proteases''*, shows less similarity (44% ) to the predicted HLl24i 
sequence. The nucleotide sequence for domain II (ref. 13) shares 
57% homology over 171 bp with HLl24i. The polypeptide 
encoded by HLl24i contains many amino acids in consensus 
positions characteristic of a functional Kunitz domain, including 
the si.x cysteine residues that are conserved among Kunitz-type 
protease inhibitors from cow, snake, turtle and edible snail (N. 
Ramesh, personal communication)'^. 

The cDNAs with and without HL124i should represent 
different messages generated from the APP gene. We have pre- 
viously demonstrated^ that the fetal brain clone FB68L, which 
recognizes both forms, hybridizes to 3.4-3. 6-kilobase (kb) 
mRNA species in various human fetal tissues. We have com- 
pared this pattern with the hybridization of a 22-base oligonu- 
cleotide that should recognize only HL124i-containing mRNAs 
(Fig. 1). This oligonucleotide also detects 3.4-3.6-kb mRNA 
species, but with striking differences in tissue distribution. 
Hybridization with FB68L gives relatively high signal intensity 
in human fetal brain, heart, and spleen and a barely detectable 
signal in liver, whereas the HLI24i oligonucleotide detects the 
largest amount of mRNA in kidney and uniform levels among 
the other tissues, including liver (Fig. 3a). Thus, the relative 
proportion of these alternative forms of the APP message varies 
from tissue to tissue, reflecting possible differential regulation 
of RNA processing or stability. In adult human brain, total APP 
message detected by FB68L is concentrated in association 
cortex, specifically in Brodmann areas AlO, 44, 20/21, and 40 
Iref 6). But hybridization with the HL124i-specific oligonucleo- 
lide shows that the APP transcript containing HLl24i is dis- 
tributed homogeneously among the different brain regions. By 
subtraction, this difference implies that the APP mRNA lacking 
the HLl24i sequence is selectively expressed in association areas 
of the brain. 

The hybridization of the two probes to mRNA from brains 
of normal individuals, patients with Down's syndrome ( DS), 
and victims of Alzheimer's disease (AD) is shown in Fig. 4. 
Relative amounts of mRNA were controlled by hybridization 
with a cDNA for the microtubule-associated protein, tau. With 
both APP probes, mRNA from DS fetal brain gives a clear 
increase in signal intensity over normal. Hybridization with 
FB68L produces a stronger signal in fetal brain mRNA than in 
mRNA from adult brain**, but the HL124i oligonucleotide 
detects more mRNA in adult brain regions, suggesting that the 



APP mRNA lacking HLl 24i is selectively expressed to a greater 
extent in the fetal brain. The total APP mRNA labelled by 
FB68L and the HL124i-containing component do not differ 
substantially in the adult cerebellum from patients with AD 
controls. The ratio of FB68L:HL124i signal, however, is lower 
in the cerebellum from the AD patient. This difference is more 
dramatic in the adult frontal cortex. Although the signal pro- 
duced by FB68L is significantly reduced from AD to normal, 
the H Ll24i-containing mRNA seems relatively preserved. The 
mRNA from affected frontal corte.x also shows a substantial 
loss of tau signal, and displays weaker than normal signal for 
a variety of neuronal and non-neuronal cDNA probes (R.L.N., 
unpublished data ). Therefore, either the HLl24i-containing APP 
mRNA itself, or the cells expressing it may be selectively spared. 
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Fig. 4 Northern blol of HLl 24i and KB68L hybridizations to total 
RNA (25 M-g) from l^-week normal (lane o) and trisomy 21 tlunc 
h) brains, adult normal (lane c) and AD (lane d) cerebellum and 
adult normal (lane e] and AD (lane/) frontal corte.x. Fetal tissue 
was obtained from an abortus with a diagnosis of DS and from 
an age-matched normal abortus. Adult tissue was obtained from 
autopsy brains of a case of histologically confirmed AD and from 
an individual without dementing illness. Control hybridization 
with a cDNA for the microtubule-associated protein tau""" is shown 
above the results for HL124i and FB68L. The three autoradiograms 
are the results of independent hybridizations with the same filter. 
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or even increased, in AD-affcctcd frontal cortex. Conversely, 
the APP mRNA lacking HL124i or the specific cells containing 
this species may be severely reduced or eliminated in AD. 

It is possible that the potential protease inhibitor domain 
encoded by HLl24i alters the metabolism of APP, perhaps 
protecting the molecule from degradation by certain serine 
proteases. Kuniiz-type inhibitors are specific for serine proteases 
such as trypsin, chymotrypsin, elastase, plasmin and cathepsin 
G (refs 16, 17). Whereas these enzymes could be inhibited by 
the HL124i domain in APP, other classes of proteases would 
presumably be refractory to its effects. Thus, the proteolytic 
intermediates resulting from the metabolism of the APP 
molecule could differ appreciably, depending on the presence 
or absence of the HL124t domain. Like human ITI, this domain 
could have anti-proteolytic activity both in the intact and excised 
state giving APP the ability to inhibit the degradation of 
other proteins. It should be noted that the principal component 
of the vascular amyloid in the Icelandic form of hereditary 
cerebral amyloidosis is a variant of cystatin, a cysteine protease 
inhibitor-*'. Alpha-l-antichymotrypsin, a serine protease 
inhibitor distinct from the Kunitz family, is a component of 
amyloid plaques in AD (C. Abraham, D. J. Selkoe and H. Potter, 
Cell, in the press). As the physiological function of Kunitz-type 
inhibitors is not understood^\ HL124i could possibly provide 
the amyloid precursor with a new function unrelated to protease 
inhibition. 
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Novel precursor of Alzheimer's disease 
amyloid protein shows 
protease inhibitory activity 

Nobuya Kitaguchi, Yasuyuki Takahashi, 

Vasuo Tokushima, Satoshi Shiojiri & Hirataka !to 

Bio-Science Laboratory, Life Science Research Laboratories, 
Asahi Chemical Industry Co. Ltd., 2-1 Samejima, Fuji-Shi, 
Shizuoka 416, Japan 



Alzheimer's disease' is characterized by cerebral deposits of amy- 
loid j3-protein (AP) as senile plaque core and vascular amyloid^~^, 
and a complementary DNA encoding a precursor of this protein 
(APP) has been cloned from human brain'"". From a cDNA 
library of a human glioblastoma cell line, we have isolated a cDN A 
identical to that previously reported., together with a new cDNA 
which contains a 225-nucleotide insert. The sequence of the 56 
amino acids at the N-terminal of the protein deduced from this 
insert is highly homologous to the basic trypsin inhibitor family '\ 
and the lysate from COS- 1 cells transfected with the longer APP 
cDNA showed an increased inhibition of trypsin activity. Partial 
sequencing of the genomic DNA encoding APP showed that the 
225 nucleotides are located in two exons. At least three messenger 
RNA species, apparently transcribed from a single APP gene by 
alternative splicing, were found In human brain. We suggest that 
protease inhibition by the longer APP(s) could be related to 
aberrant APP catabolism. 

We first screened various cell lines by RNA-blot hybridization 
using a synthetic oligonucleotide probe (AM-l, Fig. la), and 
found APP mRNA to be expressed strongly by human glioblas- 
toma (ATCC HTB14, 16, 17), neuroblastoma (ATCC HTBIO, 
I l)and neuroglioma ( ATCC HTB148) cell lines, but only weakly 



by hepatoma ( HepG2), monocytic {THP-D and lymphoblastoid 
(RPMI1788) cell lines (data not shown). Expression by glio- 
blastoma ATCC HTBI4 was strongest, and this cell line mi 
therefore chosen for the cDNA cloning. 

The cDNA was cloned in two separate fragments for 
efficiency, the BamH\ fragment (5'piccc) and BamH{-Hm6\\\ 
fragment (3'piece), as shown in Fig. la. Complete nucleotide 
sequencing of the BamHl-HindW] fragment harboured by one 
clone showed it to be identical to that in the corresponding pan 
of the reported APP cDNA (ref. 7). 

Two species of the BamHl fragment were isolated using AM-3 
as hybridization probe, from a library prepared with AM-1 as 
primer. One was about 1.4kilobases (kb) long and the other 
about 1.6 kb. The nucleotide sequence of the shorter cDNA 
(later ligated to form full-size cDNA pAPP695, coding forihe 
695-amino-acid peptide APP695) was identical to that of the 
1,376-base-pair (bp) 5am HI fragment of the reported APP 
cDNA (ref. 7). Sequencing of the longer cDNA (later ligated 
to form full-size cDNA pAPP770, coding for the 770-amino-aci{i 
peptide APP 770) showed that it differed only in the presence 
of a 225-bp insert between nucleotides (nt) 865 and 866 of 
pAPP695, as numbered from the first base of the putative tram- 
lation-initiating codon. The amino-acid sequence deduced from 
the nucleotide sequence of the longer cDNA thus includes a 
novel 75-amin()-acid insert in the highly acidic region of the 
putative e.xtraceltular domain' of the APP I Fig. 1/?), with valine, 
amino acid 289 of the original peptide, replaced by glutamic 
acid and leucine at respective ends of the insert (Fig. \c\. 

The novel sequence of 76 amino acids was screened agninit 
the NBRF data base, when we found that its N-terminal 56- 
amino-acid sequence showed a strong similarity to the basic 
trypsin inhibitor family (Kunitz type), see Fig. 2 (ref. 12). The 
spacing of its six cysteines is consistent with the spacing found 
in the minikringle structure common to this family. Exiensi^e 
congruency with the highly conserved region of this fami:\ 
(underlined in Fig. 2) is also seen, including the presence of i 
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djjUSTAL W (1.74) multiple sequence alignm ent 



P05067 |A4_HUMAN 
P53601 |A4_MACFA 
P79307.I A4_PIG 
Q60495 I A4_CAVP0 
P08 592 I A4_RAT 
AAM90259 
AAR9772'6 
P12023 I A4_M0USE 
AAH65529 



P05067,|A4_HUMAN 
P53601 I A4_MACFA 
P79307 |A4_PIG 
Q604 95 I A4_CAVP0 
P08592 |A4_RAT 
AAiyi90259 
AAR97726 
P12023 [A4_M0USE 
AAH65529 



P05067 |A4_HUMAN. 
P53 601 |A4_MACFA 
P79307 |A4_PIG 
Q60495 |A4_CAVP0 
P08592.jA4_RAT 
AAM90259 
AAR97726 
P12023 |A4_M0USE 
•AAH65529 



P05067 |A4_HUMAN 
P53601 |A4_iyiACFA 
P79307 1A4_PIG 
Q60495 |A4_CAVP0 
P08592 |A4_RAT 
AAM90259 
AAR97726 . 
P12023 |A4_M0USE 
AAH65529 



P05067 |A4_HUMAN 

P53601 |A4_MACFA 

P79307 |A4_PIG 

060495] A4_CAVP0 

P08592 |A4_RAT 

AAM90259 

AAR97726 

P12 02 3|A4_MOUSE 

AAH65529 



P05067 |A4_HUMAN 
P53601 |A4_h4ACFA 



MLPGLALLLLAAWTARA 
MLPGLALLLLAAWTARA 
. MLPGLALVLLAAWTARA 
MLPSLALLLLTTWTARA 
ML P S LALLLLAAWTVRA 
MLPSLALLLLAAWTVRA 
MLPALALVLLASWTARA 
MLPSLALLLLAAWTVRA 
MLPGLALLLLAAWTARA 



LEVPTDGNAGLLAEPQIAMFCGRLNMHMNVQNGKWDSDPSG 
LEVPTDGNAGLLAEPQIAMFCGRLNMHMNVQNGKWDSDPSG 
LEVPTDGNAGLLAEPQVAMFCGKLNMHMNVQNGKWESDPSG 
L E VPTDGNAGLLAE PQ I AM FCGKLNMHMNVQNGKWE PD P S G 
LEVPTDGNAGLLAfePQIAMFCGKLNMHMNVQNGKWESDPSG 
LE VPTDGNAGLLAE PQ I AMFCGKLNMHMNVQNGKWES D PSG 
LEVPTDGNAGLLAEPQVAMLCGKLRMHMNVQNGKWESDPLG 
LEVPTDGNAGLLAEPQIAMFCGKLNMHMNVQNGKWESDPSG 
LEVPTDGNAGLLAEPQIAMFCGRLNMHMNVQNGKWDSDPSG 



TK 

TK p^O-T- ^ 

TK (sj^v") 

TK i:>oo^ 

TK Mouse. C^isq'i 



TCI DTKEGI LQYCQEVY 
TCI DTKEGI LQYCQEVY 
TC I GTKEGI LQYCQEVY 
TC I GS KEGI LQYCQEVY 
TC I GTKEGI LQYCQEVY 
TCIGTKEGI LQYCQEVY 
TC I GS KED I LQYCQEVY 
TC I GTKEGI LQYCQEVY 
TC I DTKEGI LQYCQEVY 



PELQITNWEANQPVTIQNWCKRGRKQCKTHPHFVIPYRCL VG " 
PELQITNVVEANQPyTIQNWCKRGRKQCKTHPHFVIPYRCL VG 
PE LQ I TNVVEANQ P VT I QNWC KRS RKQC KTHTH I V I P YRCL VG 
PELQITNWEANQPVTIQNWCKRSRKQCKTHPHFVIPYRCL VG 
PELQITNWEANQPVTIQNWCKRGRKQCKTHTHIVIPYRCL. VG 
PELQITNWEANQPVTIQNWCKRGRKQCKTHTHIVIPYRCL VG 
PELQITNWEANQPVTIQNWCKKGRKQCKTHAHIVIPYRCL VG 
PELQITNVVEANQPVTIQNWCKRGRKQCKTHTHIVIPYRCL VG 
PELQITNWEANQPVTIQNWCKRGRKQCKTHPHFVIPYRCL VG 



.★* ********* **********************. ******* *.******* ** 



E FVSDALLVPDKC KFLH 
E FVSDALLVPDKC KFLH 
EFVSDALLVPDKCKFLH 
EFVSDALLVPDKCKFLH 
EFVSDALLVPDKCKFLH 
EFVSDALLVPDKCKFLH 
EFVSDALLVPDKCKFLH 
EFVSDALLVPDKCKFLH 
EFVSDALLVPDKCKFLH 



QERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDK FR . 
QERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDK FR 
QERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDK FR 
QERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDK FR 
QERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDK FR 
QERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDK FR 
QERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDK FR 
QERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDK FR 
QERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDK FR 



******* * * ******** ************************ * * *************** ** 



GVEFVCCPLAEESDNVD 
GVEFVCCPLAEESDNVD 
GVEFVCCPLAEESDNID 
GVEFV.CCPLAEESDNID 
GVEFVCCPLAEESDSID 
GVEFVCCPLAEESDSID 
GVEFVCCPLAEESDNID 
GVEFVCCPLAEESDSVD 
GVEFVCCPLAEESDNVD 



SADAEEDDSDVWWGGADTDYADGSEDKWEVAEEEEVAEVE EE 
SADAEEDDSDVWWGGADTDYADGSEDKWEVAEEEEVAEVE EE 
SADAEEDDSDVWWGGADTDYADGSEDKWEVAEEEEVADVE EE 
SADAEEDDSDVWWGGADTDYADGSEDKWEVAEEEEVADVE EE 
S ADAEEDDSDVWWGGADTDYADGGEDKWEVAEEEEVADVE EE ' 
SADAEEDDSDVWWGGADTDYADGGEDKWEVAEEEEVADVE EE 
SADAEEDDSDVWWGGADTDYADGSEDKWEVAEEEEVADVE EE 
SADAEEDDSDVWWGGADTDYADGGEDKWEVAEEEEVADVE EE 
SADAEEDDSDVWWGGADTDYADGSEDKWEVAEEEEVAEVE EE 



********** ****^ .* *************************************.** ** 

EADDDEDDEDGDEVEEE AEEPYEEATERTTSIATTTTTTTESVEEWREVCSEQAETG PC 
EADDDEDDEDGDEVEEE AEEPYEEATERTTSIATTTTTTTESVEEWREVCSEQAETG PC 
EAEDDEDDEDGDEVEEE AEEPYEEATERTTSIATTTTTTTESVEEWREVCSEQAETG PC 

, EADDDEDVEDGDEVEEE AEEPYEEATEKTTSIATTTTTTTESVEEWREVCSEQAETG PC 
EAEDDEDVEDGDEVEEE AEEPYEEATERTTSIATTTTTTTESVEEWREVCSEQAETG P.C 
EAEDDEDVEDGDEVEEE AEEPYEEATERTTSIATTTTTTTESVEEWREVCSEQAETG PC 
EAEDDEDDEDGDEVEEE AEEPYEEATERTTSIATTTTTTTESVEEWREVCSEQAETG PC 
EADDDEDVEDGDEVEEEAEEPYEEATERTTSTATTTTTTTE SVEEWREVCSEQAETGPC 

■EADDDEDDEDGDEVEEE AEEPYEEATERTTSIATTTTTTTESVEEWREVCSEQAETG PC 
**.★*★* ********* **********.*** ************************** ** 

RAMISRWYFDVTEGKCA PFFYGGCGGNRNNFDTEEYCMAVCGSAMSQSLLKTTQEPLA RD 
RAMISRWYFDVTEGKCA PFFYGGCGGNRNNFDTEEYCMAVCGSVMSQSLRKTTREPLT RD 
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P7 93 07|A4_PIG 
Q604 95|A4_CAVPG 
P085 92 |A4_RAT 
AAM90259 
AAR97726 
P12023 |A4_M0U3E 
AAH65529 



P05067 |A4_HUMAN 
P53601 jA4_MACFA 
P79307 |A4_PIG 
Q604 95 I A4_CAVP0 
P085 92 |A4_RAT 
AAM90259 
AAR97726 
P12023 |A4^M0USE 
AAH65529 



P05067 |A4_HUmN 
P53601 |.A4_MACFA 
P79307 I A4_PIG 
Q604 95 |A4_CAVP0 
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AAM90259 
AAR97726 
P12023 |A4_M0USE 
AAH65529 



P050'67 |A4_HUMAN 
P53601 |A4_MACFA 
P79307 |A4_PIG 
Q604 95 |A4_CAVP0 
P08592 |A4_RAT 
AAJy[90259 
AAR97726 
P12023 |A4_M0USE 
AAH65529 . 



P05067 |A4_HUMAN 
P53601 |A4_MACFA 
P79307 jA4_PIG 
Q604 95 |A4_CAVP0 
P08592 |A4_RAT 
AAM90259 
AAR97726 
P12023 |A4_M0USE 
AAH65529 



RAMISRWYFDVTEGKCA PFFYGGCGGNRNNFDTEEYCMAVCGSVMSQSLLKTTQEHLP QD 
RSMISRWYFDVTEGKCA PFFYGGCGGNRNNFDTEEYCMAVCGSVMSQNLLKTSGEPVS QG 
RAMISRWYFDVTEGKCA PFFYGGCGGNRNNFDTEEYCMAVCGSVSSQSLLKTTSEPLP QD 
RANISRWYFDVTEGKCA PFFYGGCGGNRNNFDTEEYCMAVCGSVSSQSLLKTTSEPLP QD 
RAMISRWYFDVTEGKCA PFFYGGCGGNRNNFDTEEYCMAVCGSVMSQSLLKTTQEPLP QD 
RAMISRWYFDVTEGKCV PFFYGGCGGNRNNFDTEEYCMAVCGSVSTQSLLKTTSEPLP' QD 

RAMISRWYFDVTEGKCA PFFYGGCGGNRNNFDTEEYCMAVCG 

^ ************************* 

PVKLPTTAASTPDAVDK YLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAER QA 
PVItLPTTAASTPDAVDK YLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAER QA 
PVKLPTTAASTPDAVDK YLETPGDENEHAHFQKAPCERLEAKHRERMSQVMREWEEAER QA 
PVKLPTTAASTPDAVDK YLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAER QA 
PVKLPTTAASTPDAVDK YLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAER QA 
PVKLPTTAASTPDAVDK YLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAER QA 
AVKLPTTAASTPDAVDK YLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAER QA 
PDKLPTTAASTPDAVDK YLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAER QA 
- SAI PTTAASTPDAVDKYLETPGDENEHAHFQKAKERLEAKH RERMSQVMREWEEAERQA 
.★***★****★★** ************************ ***************** ** 

KNLPKADKKAVIQHFQE KVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYIT AL 

KNLPKADKKAVIQHFQE KVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYiT AL 

KNLPKADKKAVIQHFQE KVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYlt AL 

KNLPKADKKAVIQHFQE KVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYIT AL 

KNLPKADKKAVIQHFQE KVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYIT tAL 

KNLPKADKKAVIQHFQE KVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYIT AL 

KNLPKADKKAVIQHFQE KVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYIT AL 

KNLPKADKKAVIQHFQE KVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYIT AL 

KNLPKADKKAVIQHFQE KVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYIT AL 

***************** ***************************************** ** 

QAVPPRPRHVFNMLKKY VRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIY ER 
QAVPPRPRHVFNMLKKY VRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIY ER 
QAVPPRPRHVFNMLKKY VRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIY ER 
QAVPPRPRHVFNMLKKY VRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVI Y ER 
QAVPPRPHHVFNMLKKY VRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVI Y ER 
QAVPPRPHHVFNMLKKY VRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVI Y ER 
QAVPPRPRHVFNMLKKY VRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVI Y ER 
QAVPPRPHHVFNMLKKY VRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVI Y ER 
QAVPPRPRHVFNMLKKY VRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVI Y ER' 
******* . ********* * * *************************************** ** 



MNQSLSLLYNVPAVAEE 
MNQSLSLLYNVPAVAEE 
MNQSLSLLYNVPAVAEE 
MNQSLSLLYNVPAVAEE 
MNQSLSLLYNVPAVAEE 
MNQSLSLLYNVPAVAEE 
MNQSLSLLYNVPAVAEE 
MNQSLSLLYNVPAVAEE 
MNQSLSLLYNVPAVAEE 
. ***************** 



I QDE VDELLQKEQNYSDDVLANMI SE PRI 
I QDEVDELLQKEQNYSDDVLANMI SE PR I 
IQDEVDELLQKEQNYSDDVLANMISEPRI 
I QDEVDELLQKEQNYSDDVLANM I S E PR I 
IQDEVDELLQKEQNYSDDVLANMISEPRI 
IQDEVDELLQKEQNYSDDVLANMISEPRI 
I QDE VDELLQKEQNYS DD I LANM I S E PR I 
IQDEVDELLQKEQNYSDDVLANMISEPRI 
I QDEVDELLQKEQNYSDDVLANM I S E PR I 



SYGNDALMPSLT ■ ET 
SYGNDALMPSLT ET 
SYGNDALMPSLT ET 
SYGNDALMPSLT ET 
SYGNDALMPSLT ET 
SYGNDALMPSLT ET 
SYGNDALMPSLT ET 
SYGNDALMPSLT ET 
SYGNDALMPSLT' ET 
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tn 
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****************** . ********************** ** 

LQPWHSFGADSVPANTENEVEPVDARPAADRGLTTRPGSGL TN 
LQPWHSFGADSVPANTENEVEPVDARPAADRGLTTRPGSGL TN 
LQPWHPFGVDSVPANTENEVEPVDARPAADRGLTTRPGSGL TN 
LQPWHPFGVDSVPANTENEVEPVDARPAADRGLTTRPGSGL TN 
LQPWHPFGVDSVPANTENEVEPVDARPAADRGLTTRPGSGL TN 
LQPWHPFGVDSVPANTENEVEPVDARPAADRGLTTRPGSGL TN 
LQPWHPFGVDSVPANTENEVEPVDARPAADRGLTTRPGSGL TN 
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sp 
tn 



sp 
sp 
sp 
sp 
sp 
tn 
tn 
sp 
tn 



sp 
sp 
sp 
sp 
sp 
tn 
tn 
sp 
tn 



P12023 |A4_M0USE 
AAH65529 



P0.5067 I A4_HUMAN 
P53601 [A4_MACFA 
P79307 |A4_PIG * 
Q604 95 |A4_CAVP0 
P08592|A4_RAT 
AAM90259 
AAR97726 
P12023 I A4_M0USE 
AAH65529 



P05067 I A4_HUiyiAN 
P53601 I A4_MACFA 
P79307 I A4_PIG 
Q60495 I A4_CAVP0 
P08592 I A4_RAT 
AAM9025? 
AAR97726 
P12023 |A4_M0USE 
AAH65529 



KTTVELLPVNGEFSLDD LQPWHPFGVDSVPANTENEVEPVDARPAADRGLTTRPGSGL TN 
KTTVELLPVNGEFSLDD LQPWHSFGADSVPANTENEVEPVDARPAADRGLTTRPGSGL TN 
***************** ** ***************** ****★******★***. ** 

IKTEEISEVKMDAEFRH DSGYEVHHQICLVFFAEDVGSNKGAI IGLMVGGWIATVIVI TL, 
IKTEEISEVKMDAEFRH DSGYEVHHQKLVFFAEDVGSNKGA I IGLMVGGWIATVIVI TL 
IKTEEISEVKMDAEFRH DSGYEVHHQKLVFFAEDVGSNKGA II GLMVGGW I ATVI VI TL 
IKTEEISEVKMDAEFRH DSGYEVHHQKLVFf'aEDVGSNKGAI IGLMVGGWIATVIVI TL 
IKTEEISEVKMDAEFGH DSGFEVRHQKLVFFAEDVGSNKGA I IGLMVGGWIATVIVI TL 
IKTEEISEVKMDAEFGH DSGFEVRHQKLVFFAEDVGSNKGAI IGLMVGGWIATVIVI TL 
IKTEEISEVKMDAEFRH DSGYEVHHQKLVFFAEDVGSNKGA I IGLMVGGWIATVIVI TL 
IKTEEISEVKMDAEFGH DSGFEVRHQKLVFFAEDVGSNKGAI IGLMVGGWIATVIVI TL 
IKTEEISEVKMDAEFRH DSGYEVHHQKLVFFAEDVGSNKGA I IGLMVGGWIATVIVI TL 
TW*** W * ★ * * ***.**.*************★**★★**************** ** 

VMLKKKQYTSIHHGWE VDAAVTPE;ERHLSKMQQNGYENPTYKFFEQMQN 
VMLKKKQYTSIHHGWE VDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN 
VMLKKKQYTSIHHGWE VDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN 
VMLKKKQYTSIHHGWE VDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN 
VMLKKKQYTSIHHGWE VDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN . 
VMLKKKQYTSIHHGWE VDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN 
VMLKKKQYTSIHHGWE VDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN 
VMLKKKQYTSIHHGWE VDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN 
VMLKKKQYTSIHHGWE VDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN 
***************** ********************************** 
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